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The metabolic effects of glucagon infusion in
normoglycaemic and liypoglycaemic small-for-

gestational-age infants
I. Changes in blood glucose, blood lactate and plasma free fatty acids
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The response to glucagon infusion of blood glucose, blood lactate and
plasma FFA was studied in 7 normoglycaemic and 7 hypoglycaemic SGA
infants. The infants received glucagon at arate of 0.2 gg/kg/min into a cephal-
ic vein for a period of four hours.

Glucagon caused a marked and significant rise in blood glucose in
both groups: from 66 + 12 mg/100 ml to 136 + 16 mg/100 mlin the normo-
glycaemic, and from 22 + 2 mg/100 ml to 69 £ 13 mg/100 ml in the hypo-
glycaemic infants. The time course of the response was different: while in
the former group blood glucose declined after the second hour of glucagon
infusion, in the hypoglycaemic group the response persisted throughout
the test period.

Jn the normoglycaemic SGA infants FFA fell rapidly in response to
glucagon, whereas no significant change occurred in hypoglycaemic infants.
The different baseline lactate concentrations were not affected significantly.

extent of their accumulation in the

intrauterine malnour- plasma is very much dependent on

ished newborn infants have been fo-
cused upon the role of gluconeoge-
nesis, which appears to be impaired in
comparison to well-nourished neo-
nates [3, 6, 10. 11, 18]. The postnatal
accumulation of gluconeogenic amino
acids, lactate and pyruvate in the
plasma strongly suggests a reduced
hepatic uptake of these glucose pre-
cursors and hence a decreased glucose
synthesis [6, 11]. The possible patho-
genic importance of diminished glu-
coneogenesis is further supported by
the observation that hyperamino-
acidaemia associated withhypoglycae-
mia is largely due to increased levels
of prominent glucogenic amino acids
(alanine, glycine, proline), and the

the severity of glucose deficiency [6,

11].
On the basis of these recent find-
ings it seemed logical to explore

whether glucagon, an important re-
gulator of glucogenolysis and gluco-
neogenesis, is capable under such
metabolic conditions to stimulate
endogenous glucose production by
increasing the utilization of glucoge-
nic amino acids and thus to prevent
their accumulation in the plasma
of severely underweight newborn in-
fants. In view ofits physiological role
in gluconeogenesis it appeared reason-
able to assume that glucagon might
be used as a therapeutic tool in neo-
natal hypoglycaemia to stimulate
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hepatic glucose synthesis by the gluco-

neogenic pathway. Such an attempt

based primarily on the glucogenolytic

effect of exogenous glucagon has al-

ready been made [9], but because of

the variability of the results it was

not recommended for therapy of neo-

natal

hypoglycaemia in small-for-

gestational-age (SGA) infants.

M aterial and Methods

Two groups of SGA newborns were
studied: seven normoglycaemie and seven
hypoglycaemic infants, who were admitted
to our referral neonatal units for obser-
vation and treatment. Assesment of
body size in relation to gestational age
was based on the position of the infants
on our local intrauterine growth chart:
birth weight was lower than the 10th
percentile, and all infants appeared clini-
cally wasted. The average percentage
weight deficit amounted to 31.6% in the
normoglycaemie and 43.2% in the hy-
poglycaemic babies.

D ata for the two groups of infants are
summarized in Table I. The normoglycaem-
ic group included 4 full-term (gestational
age >37 weeks) and 3 preterm (gestational
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age <37 weeks) infants; the hypoglycaem-
ic group comprised of 3 full-term and 4
preterm infants. From Table | it can be
seen that in the hypoglycaemic group
mean birth weight and postnatal age at
which the infants were examined, were
lower than in the normoglycaemie SGA
infants. Two normoglycaemie infants were
born in asphyxia and four hypoglycaemic
infants after a toxaemic pregnancy.

All studies were performed either be-
fore the first feeding, or four hour after a
feeding of evaporated milk formula, or
breast milk. Hypoglycaemia was diagnosed
shortly after admission between 3 and 18
hours postnatally. In full-term infants a
blood glucose level below 30 mg/100 ml,
in preterm infants one below 20 mg/100 ml
was accepted as the criterion of hypoglycae-
mia. Neither on admission nor during
glucagon infusion were symptoms attribut-
able to hypoglycaemia observed.

All infants received an infusion of
glucagon at a rate of 0.2 ~g/kg/min into a
cephalic vein for a period of four hours.
Blood was drawn from the cubital vein
at zero time and at 1,2,3 ,4 hours for
blood glucose, blood lactate, anti plasma
free fatty acid determination. Blood
samples for amino acid analysis were
obtained at zero time, and in the 2nd
and 4th hour of the test period.

Glucose and lactate concentration was
determined by the orthotoluidine method

Tabte |

Gestational age, birth weight and postnatal age in the two groups of infants

Gestational age, wk
Birth weight, g
Postnatal age at

time of investigation, hr
No. of infants

Norinoglycaemic Hypoglycaemic

SGA infants SGA infants
36,6 36,0
(32-38) (31-43)
2066 1500
(1300-2790) (1070-1860)
13 8
(3-31) (3-18)
7 7

Ranges for age, weight and postnatal age are in parentheses.
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described by Price [15] and by the method
reported by Huckabee [7], respectively.
Plasma FFA was analysed according to
Dalton and Kowaisky [4].

Differences between group averages
were compared by the standard t test.

Results

Mean i SE of glucose, lactate and

FFA, obtained prior to and at hourly
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intervals during glucagon infusion in

the two groups of intrauterine mal-
summarized

V.

infants
I, 1l

Glucagon infusion caused a signif-
icant blood
66 di 12 mg/100 ml
of 136 £ 16 by 120 minutes in
the normoglycaemic, and from 22+2
mg/100 ml to 69+13 bv 180 minutes

nourished are

in Tables and

rise in glucose from
to a maximum

level

Tabte |l

Blood glucose level* before and during glucagon infusion in normoglycaemic

and hypoglycaemic SGA infants

During glucagon infusion

Before
g_lucagon
infusion 1 hr 2 hr 3 hr 4 hr
t t
Normoglycaemic ee 129 135 103 71
SGA infants +12 +13 +16 +19 +13
t t t t
Hypoglycaemic 22 53 64 69 63
SGA infants +2 +7 +12 +13 +15

* Concentrations are given in mg/100 ml (mean + SE)

+ p < 0.05
jp < 0.001

Table 111

Blood lactate level* before and during glucagon infusion in normoglycaemic

and hypoglycaemic SGA infants

Before

glucagon

infusion
Normoglycaemic 20
SGA infants +5
Hypoglycaemic 32
SGA infants +6

* Concentrations are given

During glucagon infusion

1 hr 2 hr 3 hr 4 hr
18 21 25 28
+3 +4 +6 +10
33 29 29 29
+5 +5 +6 +6

in mg/100 ml (mean % SE)
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Table IV
Plasma FFA* level before and during glucagon infusion in normoglycaemic
and hypoglyeaemie SGA infants
Before During glucagon infusion
glucagon
infusion 1 hr 2 hr 3 hr 4 hr
** *k **x
Normoglycaemic 1418 1022 490 459 565
SGA infants +210 +220 +79 +154 +163
Hypoglyeaemie 529 677 563 292 357
SGA infants +141 +209 +223 +73 +129
* Concentrations are given in /iE/1 (mean ;= SE).
**p c 0.01.
in the hypoglyeaemie SGA infants. In SGA newborns with normal
These peak concentrations represent- blood glucose ~concentrations, the
ed increments of 134% and 309% lactate level showed a slight tendency
respectively. The absolute and rela-

tive rises in blood glucose undoubt-
edly show that hypoglyeaemie under-
weight infants are capable to mobi-
lize endogenous glucose in response to
glucagon infusion. Not only the mag-
nitude but also the time course of the
blood glucose changes during gluca-
was different in
1). While

in the normoglycaemic SGA neonates

gon administration

the two study groups (Fig.
blood glucose declined rapidly after
the second hour of glucagon infusion,
the ele-

the

in the hypoglyeaemie group
vated level persisted
This
in the type of response is best shown

throughout

test period. striking difference
by the glucose concentration obtained
at the end of infusion; in the normo-
it almost returned

the

glycaemic infants

to the starting value, while in

hypoglyeaemie ones it still exceeded

the baseline by 248%.

Glucagon infusion

Fig. I. Changesin blood glucose and plas-

ma FFA in response to glucagon infusion

in normoglycaemic (¢) and hypoglycaem-

ic (0) SGA infants. The upper part shows

the mean response + SE in plasma FFA,

and the lower part the mean response ;+
SE in blood glucose
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to rise towards the end of glucagon
infusion (Table 111). In contrast,
in the hypoglycaemic infants the
somewhat, hut not significantly, high-
er baseline level remained practically
unchanged.

The significantly different plasma
FFA concentrations were differently
affected by glucagon infusion (Table
IV and Fig. 1): while the high FFA
declined rapidly and significantly in
normoglycaemic SGA infants, first a
transient rise and later a small reduc-
tion of the much lower FF Alevel oc-
curred in hypoglycaemic SGA infants.
These changes were not significant.

As regards the mean blood urea
level, while in the normoglycaemic
group a gradual rise was observed, no
change occurred in the hypoglycam-
ic SGA infants (Table V). This
difference, although statistically in-
significant, points to a glucagon
stimulated glucose production from
amino acid precursors in normogly-
caemic SGA babies.

Table V

Blood urea nitrogen level* before and dur-
ing glucagon infusion in normoglycaemic
and hypoglycaemic SGA infants

During glucagon

Before infusion

gluca_gon

infusion 2 hr 4 hr
Normoglycaemic 18.4 22.4 33.3
SGA infants +4.3 +4.9 =+11.6
Hypoglycaemic 17.2 15.7 17.7
SGA'infants +3.5 +2.4 +2.1

* Concentrations are given in mg/100 ml

(mean £ SE)

Discussion

The outlined undoubtedly
show,thatnotonly the normoglycaem -
SGA

infu-

results
ic but also the hypoglycaemic

infants responded to glucagon

sion by a considerable increase in
blood glucose. Hepatic glucose release,
which resulted in a threefold rise from
the hypoglycaemic baseline values,
the

normal neonatal levels which persist-

raised blood glucose value to

ed until the end of the 4 hour infusion

jjeriod. The course of the response
was different in the normoglycaemic
SGA infants; in these the doubled

blood glucose level declined during
the second half of the test period.
The
blood glucose concentration supported
14] and

obtained by

glucagon-induced increase in

earlier [1, recent [5] results

single intramuscular or

intravenous injection of glucagon,

and showed that intrauterine mal-

nutrition is not necessarily associated

with an inability to increase glucose
Even the
SGA
to glucagon
In contrast, Le Dune [9] in
port on the effectof 30 pg/kg glucagon
SGA

latter

production. liver of hypo-

glycaemic infants was capable

to respond stimulation.

her re-
in normal and hypoglycaemic
that the
showed a

neonates concluded

infant category signifi-

cantly lower response than the former
in terms of maximum glucose levels
attained throughout a 90 minute test
period. Evaluation of a difference in

glucagon stimulation in terms of

maximum glucose levels may, how -

infant-
different

ever, be when

with

misleading

groups considerably

5*.; Acta Paediatrica Academiae Scientiarum llungaricae 17, 1976
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baseline values are compared. It is

the increment which should be used
as an index of hepatic glucose release.
this Dune’s re-

Using indicator, Le

sults are in fact not inconsistent with
the present observation. Still, a com-
parison with our findings is somewhat
ap-
and in the

hampered by the difference in

proach to the problem

mode of glucagon administration.
The amount of glucagon did not dif-
series of

fer much between the two

examinations: w hile we infused

glucagon at a constant rate of 0.2
Ixg/kg/minrepresenting a total amount
of 48 the 4 hour
period, Le 30 /xg/kg
injection.
SGA in-
rapid decline of blood glu-

litg/kg for infusion

Dune gave in a
single intramuscular
In the normoglycaemic
fants the
cose hour of

following the second

glucagon infusion indicated hormonal

or metabolic events opposing the

hyperglycaemic effect of glucagon.
On the contrary, in the hypoglycaem -
ic group the marked glucose re-
sponse persisted throughout the entire
4 hour

opposed action of glucagon

observation period. This un-

suggests

an essential difference between the
two groups of SGA infants as far
as the influence and the interactions

of hormones in the control of glucose

homeostasis are concerned.
Themostlikely cause of the suppres-

is an

sion of the effect of glucagon

increased insulin secretion. It s

well-known that glucagon stimulates
insulin secretion not only by causing
hyperglycaemia but also by a direct
effect cells of

stimulating upon the

the pancreas [2, 12, 17]. It is tempt-

ing to suggest that the persistently
elevated blood glucose concentration
in the hypoglycaemic SGA infants
throughout the test period may be
due to a weak or lacking insulin
response to exogenous glucagon.

A lthough
to provide direct evidence favouring
this

the present study failed

interpretation, the changes in

plasma FFA and amino acids asso-

ciated with glucagon infusion also

point toward the possibility that an
altered glucagon-insulin relationship
lies at the root of the different metab-
behaviour of the

olic two groups of

intrauterine malnourished infants. Le
Dune [9] and Reisner et al. [16] stud -
ied the effect of glucagon on plasma
SGA in-

fants, and concluded that the fasting

insulin concentration in

and the maximum insulin levels were
higher
In SGA

in the hypoglycaemic babies.
infants whose blood glucose
level was significantly depressed, the

fasting insulin level and the peak
which occurred between 2 and 5
minutes after glucagon administra-
tion was higher than in normal full-
term infants [16]. In Le Dune’s
study the statistical comparison of
the maximum insulin levels was
meaningless, since the baseline con-
centration was different in the two

groups of infants. As regards the

mean plasma insulin levels at differ-
ent times after the injection of gluca-
gon, neither intra-, nor intergroup
of statistical
The

Le Dune’s

differences significance

were observed.
SGA

showed,

hypoglycaemic

infants in m aterial

however, large wvariations

in plasma insulin concentration, and
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part of them were in fact hyperinsu-
linaemic. Thus, by applying addition-

al hormonal or metabolic parame-

ters, hypoglycaemic SGA infants can
be divided
The

or diminished insulin response can be

into further subgroups.

assumption that a lacking

a factorresponsible for the unopposed

hyperglycaemic effect of glucagon
is supported by observations made on
adults that hypoglycaemia, or 2 -4
may abolish the in-
[17].

nervous

days starvation
sulinotropic effect of glucagon
An increased sympathetic
activity associated with glucose de-
ficiency may also contribute to the
suppression of glucagon-promoted in-
[8]. Other factors such

as the plasma substrate profile should

sulin release

also be considered in the interpreta-

tion of the differenttype of blood glu-
cose response to glucagon in the hypo-
and non

glycaemic hypoglycaemic

intrauterine malnourished infants. In
this plasma amino acids
[13]. In
vitro it is
that

respect the

might be important view

of observations in

not unreasonable to assume

altered plasma concentrations of some

amino acids such as e.g. leucine, ar-

ginine and alanine may profoundly

modify the glucagon-insulin relation-

ship either by potentiating, or by

suppressing glucagon or glucose-me-

diated insulin release.

Besides an altered glucagon pro-

moted insulin response a decreased

sensitivity of the liver to insulin may
alsoaccount forthe sustainedglycaem -
ic effect of glucagon infusion. In
tliis case, as it has been observed by

Le Dune [9] and Reisner et al. [16],

a normal or increased insulin secre-
tion leaves the hepatic action of
glucagon unopposed. As a conse-

quence, glucagon can bring about an
increased rate of glucose production.
The sensitivity to insulin of the dif-

ferent glucagon-activated metabolic
be different,

levels for

processes can one may

require higher insulin
than the
modification of the
of the

reasonable working concept for

sup-

pression other. Such a
interaction on the
is also a

liver twro hormones

fur-
ther studies to explore the underlying
mechanisms of the different metabo-
and

lic behaviour of the normo-

hypoglycaemic SGA infants.
The unopposed action of glucagon
on hepatic glucose release in hypogly-

caemic essential

infants suggests an
normoglycaemic
SGA

influence and the

difference between

and hypoglycaemic infants

as far as the inter-

action of hormones in the control

of glucose homeostasis is concerned.

An altered glucagon-insulin relation-

ship might be at the root of the

different metabolic behaviour.
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