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The behaviour of plasm a glucose, im m unoreactive insulin, g row th ho r
mone and  adenosine 3’,5’-m onophosphate (cAMP) in response to  glucagon 
infusion was investigated in obese and con tro l children. H yperinsulinaem ia 
and low grow th hormone levels were found in  th e  obese group. H yperin su lin 
aem ia d id  n o t p revent the  glucagon-induced cAM P release in obese children . 
The p lasm a cAMP concentration  decreased a fte r  the first hour of g lucagon 
infusion in bo th  groups. The decline of cAM P concentration w as m ore 
rap id  in the  obese group th a n  in  the contro ls, resulting in a sign ifican tly  
lower p lasm a cAMP level a t  th e  end of th e  glucagon load.

Adenosine 3',5’-monophosphate 
plays a principal role in mammalian 
tissue as an intracellular mediator 
of the actions of a number of hor
mones [21]. Some of the nucleotides 
escape from the cells into the extra
cellular space including plasma [4, 7, 
16] and cerebrospinal fluid [4, 7]. It 
is excreted by the kidney and a rise 
in plasma concentration is normally 
associated with an increased urinary 
excretion [1, 7]. Glucagon and insulin 
play an important role in the control 
of hepatocellular cAMP, the former 
stimulates and the latter inhibits its 
production reflected by an increased 
plasma level [13, 15, 17, 23]. From 
this we would expect an increased

hepatic release of cAMP in diabetes 
both in the basal condition and dur
ing exogenous glucagon stimulation. 
Liljenquist et al. [18], however, did 
not observe such changes in diabetic 
patients. Broadus et al. [5] followed 
urinary cAMP excretion during glu
cose and insulin tolerance test in 
normal subjects: while there was only 
a slight increase in the hypoglycaemic 
phase of the glucose load, a twofold 
rise occurred in response to the insu
lin-induced hypoglycaemia.

In view of the suggested interac
tion of glucagon and insulin on hepat
ic cAMP production on the one hand, 
and the well-established hyperinsu- 
linism [3, 9 —11, 20] and low growth
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hormone level [8, 19, 26, 27] in 
obesity on the other hand, it appeared 
of interest to investigate the be
haviour of plasma cAMP in relation 
to the metabolic and hormonal status 
as well as its changes in response to 
glucagon infusion. Since glucagon 
induces cAMP, insulin and growth 
hormone release, we considered it 
a suitable means to explore how and 
to what extent does obesity alter 
the metabolic and hormonal effects 
of glucagon.

S u b j e c t s  a n d  M e t h o d s

T en  obese (relative body  w eight above 
120% ), non-diabetie, an d  six  nonobese 
ch ild ren  were investigated . The anthropo
m e tric  m easurem ents of th e  obese and 
co n tro l children are sum m arized in Table I.

S kinfold  m easurem ents w ere m ade by 
H arp en d e n  caliper according to  D urnin 
a n d  R a h  am an [12]. B ody fa t and lean 
b o d y  m ass were calculated  according to  
B rook  [6].

G lucagon (Lilly) was adm inistei'ed  in tra 
venously  (6 /ig/kg/hour) for th ree  hours 
a f te r  an  overnight fast. B lood samples 
w ere ob ta ined  from an indw elling venous 
line a n d  assayed for blood glucose, plasm a 
cAM P, im m unoreactive insu lin  (IR I) and 
g row th  hormone (GH).

I R I ,  cAMP and CH were determ ined 
w ith  double antibody radioim m unoassay 
m ethod , using the radioim m unoassay k it 
supp lied  by The R adiochem ical Centre 
(Am ersham ) for insulin an d  cAM P and 
b y  B io d a ta  for GH. Blood glucose was 
m easured  by  the glucose oxidase m ethod 
according to  Sigiura and H iran o  [24].

R e s u l t s

All patients responded to glucagon 
infusion by elevation of blood glucose 
in the first 60 minutes which then 
began to fall and approached the 
basal value in the third hour (Fig. 1). 
The course of the glucose curve was 
similar in the obese and control 
group of children.

The basal value and the glucagon- 
induced rise of IRI in the first hour

T a b le  I

A nthropom etric m easurem ents of th e  obese and control children

Control Obese

Mean SE Mean SE

Age, year 10.6 0.63 10.7 0.45

Height, cm 142.7 3.01 148.4 2.63
Weight, Kp 32.9 2.23 60.8 3.3
Triceps skinfold, mm 10.0 0.7 28.9 1.03
Biceps skinfold, m m 5.6 0.37 15.6 0.87
Subscapular skinfold, mm 8.3 0.66 31.5 1.08
Suprailiacal skinfold, mm 9.4 0.83 27.7 1.58

Body fat, per cent 20.01 1.29 40.5 0.77

Lean body mass, K p 26.2 1.58 37.1 2.03
Ideal body weight, per cent 89.9 2.5 148.9 3.77
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--------- control * p < 0.05
--------- obese  * #  p<0.02

F ig . 1. Blood glucose, plasm a 1Ш , GH, and cAMP response to  glucagon load, in obese
and control children

of the glucagon infusion was signifi
cantly higher in the obese group as 
compared to the controls (Fig. 1). 
IRI gradually decreased from the 2nd 
hour in the control patients reaching 
the starting level during the third 
hour, ív hi le it remained at a high level 
in the obese children throughout 
the whole infusion period.

Glucagon administration induced 
an elevation of plasma GH in both 
obese and control children, which 
reached the level of significance by 
the end of the 3-hour infusion period. 
As it can be seen in Fig. 1, plasma 
GH was higher in the control children 
throughout the intravenous glucagon 
load, but, only the 180 minute value 
was significantly different from that 
of obese children.

Since only hourly measurements 
were made we do not know when 
the peak of the plasma cAMP occurr
ed in response to glucagon, but it 
was still elevated at the end of the 
first hour. Thereafter the plasma 
cAMP level decreased in both groups. 
The decline was more rapid in obese 
children and as a result, the plasma 
cAMP concentration was significantly 
lower at the end of the test period.

D isc u ssio n

In accordance with previous find
ings, the present study has also 
shown that obesity is characterized 
by hyperinsulinaemia and a low 
growth hormone level. The finding
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that the increased plasma insulin 
level is not associated with a low 
basal plasma cAMP concentration 
is in accordance with the observation 
of R o b in s o n  et al. [22] that insulin 
administration is not capable of 
reducing hepatic cAMP below the 
baseline level.

Glucagon infusion induced cAMP 
and insulin release in both the obese 
and the control children. The re
sponse of cAMP at the end of the first 
hour of infusion was similar in magni
tude, from which it can be concluded 
that the simultaneous increase in 
plasma insulin did not suppress the 
glucagon-stimulated cAMP release.

As a result of the more rapid decline 
of cAMP concentration in obese 
children, a significantly higher plasma 
cAMP level was observed in the 
controls at the end of glucagon infu
sion. This difference could possibly 
be explained by the persistent hyper- 
insulinaemia in obese children. Still, 
in view of the observation that in 
non-insulin-secreting diabetes a de
cline of cAMP occurs during glucagon 
infusion [18], the role of hyper- 
insulinaemia becomes uncertain.

An alternative explanation may 
be the decreased GH response to 
glucagon in obese children. An acute 
administration of GH failed to affect 
urinary cAMP excretion [25], since 
it exerts its action through protein 
synthesis [14]. Fain et al. [14] 
suggested that the effect of GH on 
cAMP production may be only de
monstrated in conjunction with an
other agent known to stimidate cAMP 
production. In the present study the
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increased gH secretion and the con
tinuously infused glucagon together 
may have slowed down the decline 
of plasma cAMP concentration in 
control children. This explanation 
appears to be supported by the 
observation of August and Hung [2] 
according to which in growth hor
mone deficient children the impaired 
cAMP response to glucagon improved 
after growth hormone treatment.
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