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The metabolic pattem of premature infants

receiving Aminosol-glucose infusion
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Total energy metabolism and the contribution to heat production
of fat, carbohydrate and protein oxidation have been investigated in three
premature infants subjected to Aminosol-glucose infusion for 28 hours.
In 15 low-birth-weight infants receiving the same mixture of nutrients
only the changge in blood metabolites were followed.

1. Amino acid oxidation, the rate of which was low in the fasting
state, gradually increased during Aminosol-glucose infusion, to become an
important component of energy metabolism. The changes in nitrogen
balance pointed to a marked metabolic stimulation during Aminosol-
glucose infusion, leading to an enhanced deamination of amino acids.

2. Only one of the three premature infants showed an increase in
total heat production, although amino acid oxidation and urea formation
considerably increased during intravenous nutrition. This suggests that the
“specific dynamic action” does not primarily reflect the energy cost of
protein catabolism.

3. The changes in the utilization pattern of substrates was also
reflected by the alterations in blood metabolites. It is concluded that intra-
venous nutrition with an amino acid mixture may cause marked distortions

in the metabolic pattern and biochemical composition of the blood.

In a previous study [10] it has been
shown that in premature infants the
infusion of a fibrin-hydrolysate-mono-
saccharide solution (Aminosol-glucose)
for a few hours markedly changed the
fasting metabolic pattern: the oxi-
dation rate of glucose and amino
acids increased, and the rate of lipid
oxidation decreased. This shift in
substrate utilization was reflected by
alterations in the plasma levels of the
main nutrients and metabolites.

On the basis of these findings it
appeared reasonable to assume that a
prolonged administration of an amino
acid mixture may cause a further in-

crease in amino acid catabolism lead-
ing to a highly unphysiological metab-
olic state. The increased urea for-
mation and elevated urea level, as
well as the enhanced endogenous acid
production are well-known biochemi-
cal consequences potentially deleteri-
ous to premature infants.

Thus, a study was performed in pre-
mature infants to determine the
participation of amino acid oxidation
as the source of energy during the
intravenous administration of Amino-
sol-glucose for 28 hours. It was
thought that some quantitative in-
formation regarding protein catabo-
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Table |

Pertinent clinical data of three premature infants in whom energy metab-
olism and substrate utilization has been studied

Birth Gestational ~ Postnatal
No. weight, , age,
weeks horns
1 900 27 35
2 1850 36 26
3 1880 ? 15

lism would provide a basis for further
studies exploring the changes in
energetics of parenteral nutrition, and
may aid in defining the energetic
efficiency of parenteral nutrition in
newborns.

Material and Methods

Energy metabolism and the distribution
pattern of substrate utilization have been
examined in three premature infants,
whose pertinent clinical data including
volume and duration of Aminosol-glucose
infusion are shown in Table I.

Aminosol-glucose was given by an in-
fusion pump into a scalp vein. An umbilical
venous catheter was inserted, through
which blood samples were withdrawn be-
fore and during the infusion. The infusion
was started after a 12-hour control period.
During Aminosol-glucose administration,
urine was separately collected from 0 to 4,
from 4 to 16 and from 16 to 28 hours.
Collection of urine was continued after the
Aminosol-glucose infusion had been stop-

ped. Infant No. 1 received 6% glucose
with bicarbonate intravenously during this
period.

Oxygen consumption and CO02 pro-
duction were measured using the Kipp dia-
ferometer, which allowed a continuous

Rate of

A’Pi”-o ol of l[;iri(§t0r1ra1¥1r,y
Intusion, B
ml/kg/min anl] ceitvery
0.10 Spontaneous delivery. Hypo-
thermia
0.10 Spontaneous delivery. Prema
ure rupture of membranes
Dysmaturity. Vomiting
0.10 Spontaneous delivery. Pre

mature rupture of mem
branes

measurement of respiratory gas exchange
and of the respiratory quotient. Readings
were made every minute, except when re-
ference was made to room air. The studies
were performed within the zone of thermo-
neutrality (34—36°C). The infants were
placed in an incubator under a perspex
hood through which room air was drawn
at a rate of 1.6 to 4.0 1/min. Before the in-
fusion of Aminosol-glucose into a cephalic
venous vein, oxygen consumption of the
sleeping or resting infant had been followed
through a 120-minute control period.
During the first 4 hours of intravenous
nutrition, gas exchange was measured con-
tinuously, thereafter throughout every
second hour of the observation period.
Energy metabolism was expressed as
kcal/kg/hr which represented the average of
the readings of the different periods during
which respiratory metabolism was follow-
ed. The caloric value for oxygen used for
calculation ofheatproduction corresponded
to the average RQ of the respective ob-
servation period. The relative quantity of
calories (fat and carbohydrate) produced
was estimated from the non-protein RQ.
This quantity was calculated from oxygen
consumption and CO02 production after
subtraction of oxygen and carbon dioxide
related to protein metabolism, as deter-
mined by the excretion of urinary nitrogen
minus a-amino nitrogen. The Kjeldahl
technique and the method of Clayton and
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Steele [2] were used for determination of
the total and a-amino nitrogen content of
the urine.

In 15 infants in whom parenteral feed-
ing was necessary, only the changes in
blood metabolites were followed during
Aminosol-glucose infusion. Birth weight in
this group of infants ranged from 900 to
1880 g, and gestational age from 26 to 36
weeks. The rate of Aminosol-glucose in-
fusion varied between 0.038 0.12 ml/kg/
min, and the postnatal age at which
parenteral nutrition was started, between
15 and 48 hours. Five of these infants died
between 2 and 9 days of age. The main
post-mortem findings were intraventricular
haemorrhage,pulmonaiy haemorrhage, and
aspiration pneumonia.

Blood samples were drawn from the
umbilical venous catheter before and at
the 4th, 16th, 28th hour during the
Aminosol-glucose infusion for determi-
nation of various plasma metabolites. The
blood was placed in tubes containing
heparin. Glucose and lactate concen-
tration in 0.2 ml of whole blood each was
determined by the o-toluidine method de-
scribed by Pbyce [9], and that described
by Htjckabee [6], respectively. The re-
mainder of the blood sample was centri-
fuged for analysis of FFA [3, 8], a-amino
nitrogen [11] and urea content [1], as well
as for determination of the ratio of the
concentration of non-essential glycine +
serine + glutamine -(- taurine to that of
the essential leucine 4- isoleucine + valine
« methionine, using paper chromato-
graphy [12]. For statistical analysis the
means and standard errors were calculat-
ed; when it seemed necessary, significance
was estimated by Student’s t test.

Results

Participation of the main nutrients in
total heat production

Total energy metabolism and the
participation of fat, carbohydrate and
protein oxidation in the calories pro-
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duced by the three premature infants,
and expressed as calories per kg body
weight per day isdemonstrated in Fig.
1. It is seen that in two infants, prior
to intravenous nutrition, heat pro-
duction was dominated by fat utili-
zation, in the third baby (No. 1),
carbohydrate was also a major factor
in oxidative metabolism.

Only one infant responded to Ami-
nosol-glucose infusion by an increase
in heat production. This infant ex-
hibited the lowest metabolism, which
became even lower after the ad-
ministration of fibrin hydrolysate had
been stopped. The distribution pattern
of energy metabolism, however, show-
ed similar changes in each infant: the
participation of carbohydrate and
protein oxidation increased, while fat
metabolism became the smallest
energy-component, or in two infants
it did not contribute at all to the
calories produced during the later
period of intravenous nutrition. It
was of interest that the amount of
oxidized protein which was very small
in the fasting state, gradually in-
creased during the infusion of Amino-
sol-glucose, and became an important
component of energy metabolism.
This was particularly evident in infant
No. 1, whose energy exchange during
the last 12-hour period (from 16 to 28
hours) of parenteral alimentation was
dominated by amino acid oxidation.
In infants Nos 1 and 2, urine col-
lection and oxygen consumption were
followed after Aminosol-glucose in-
fusion for 48 and 24 hours, respec-
tively. During this period of time, in-
fant No. 1received 5% glucose solution
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participation of calories produced by fat carbohydrate O
arid protein H 1 in total heat production
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Fig. 1. Participation of calories in total heat production produced by fat, carbohydrate
and protein in three premature infants receiving Aminosol-glucose for 28 hours
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Fig. 2. Relative distribution of calories produced by fat, carbohydrate and protein
in three premature infants receiving Aminosol-glucose

intravenously. It is obvious from Fig. ofretained aminoacids continued after
2, that the contribution of amino acid Aminosol-glucose administration had
oxidation to the total metabolism was been stop]ted. This was particularly
still greater than in the preinfusion distinct in infant No. 1. The relative
period, suggesting that the catabolism contribution of the three main nu-
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Fig. 3. Nitrogen balance of three premature infants before, during and after Aininosol-
infusion

trients to the total heat production is
demonstrated in Fig. 2. It can be seen
that the proportion of amino acid
oxidation increased, and in two in-
fants had reached its maximum (32
and 60%) during the second and
third period of Aminosol-glueose in-
fusion.

Nitrogen balance

Fig. 3 shows the nitrogen balance
of the three premature infants in
different periods. The positive balance
declined during intravenous Amino-

sol-glucose alimentation, in accord-
ance witii the gradually increasing
amino acid oxidation. Rate and

magnitude of the decrease were dif-
ferent in the three infants. After dis-
continuing intravenous nutrition, a
negative balance exceeding the prein-
fusion values was observed, pointing
to a continuing catabolism of the pre-
viously retained amino acids. This is
clear from the balance data of infant

No. 1. In the other two infants the
balance showed a transient negativity,
since after the first 12-hour collection
period oral feeding was started which
led again to nitrogen retention.

Response of plasma nutrients and
metabolites
The mean values + SE for blood

glucose, plasma FFA and lactate are
shown in Fig. 4. As expected, a fall in
FFA concentration occurred in re-
sponse to a rise in blood glucose
(p < 0.001). The increment in glucose
(p < 0.001) fell gradually during
intravenous nutrition, while FFA re-
mained at the decreased level attained
during the 4 hours of infusion. Blood
lactate concentration showed a de-
creasing tendency (0.01 < p < 0.05).

As shown in Fig. 5 the mean a-
amino nitrogen content of plasma was
nearly doubled at 4 hours (p < 0.001)
and remained practically at this level
throughout the Aminosol-glueose ad-

Acta Paediatrica Academiae Sae-ntiarun Hwigaricae 14, 1973



324 J. Mestyan, I. Buberz: Effect of Aminosol-glucose on metabolism

blood glucose

hour of infusion

Fig. 4. Mean (xSE) concentration of blood glucose, FFA and lactate before and during
Aminosol-glucose infusion

o<-amino nitrogen

hour of infusion

Fig. 5. a-amino nitrogen and urea content of plasma before and during Aminosol-
glucose infusion



J. Mestyan, 1.

essential

non-essential

TP CRE D °

Rvbecz: Effect of Aminosol-glucose on metabolism 325

amino acids

amino acids

Fig. 6. Responses to Aminosol-glucose of the combined plasma concentration of the

essential leucine, isoleucine, valine and methionine, and of the non-essential glycine,

serine, glutamine, taurine. The changes in the ratio of these two groups of amino acids
are also shown

ministration. The changes in serum
urea concentration are also shown in
Fig. 6. An increase was evident at 4
hours, thereafter a further rise occur-
red with a peak of 40 mg/100 ml by
the end of the Aminosol-glucose in-
fusion (p < 0.01). Since the prein-
fusion urea level varied considerably,
a wide range of values was observed
throughout the observation period.
Fig. 6 demonstrates the changes in
mean combined plasma concentration
of the non-essential glycine -f- serine
+ glutamine -f- taurine and that of
the essential leucine + isoleucine +

valine -~ methionine. However, the
rise in the plasma level of these two
groups of amino acids was not propor-
tional; the greater rise in the combined
level of essential leucine + isoleucine
4 valine -f- methionine resulted in a
marked fall in the plasma amino acid
ratio (p < 0.05).

Discussion

The present results substantiated
our previous observations on the
changes in substrate utilization in
response to a four-hour period of
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Aminosol-glucose infusion [10]. The
prolonged administration of the pro-
tein hydrolysate-monosaccharide so-
lution caused a profound change in
energy metabolism as far as the oxi-
dation of the three main nutrients is
concerned. While the energy demand
of the fasting newborn infants was
mainly covered from the metabolism
of fat, parenteral feeding with such a
mixture caused a progressive increase
in the contribution of carbohydrate
and protein utilization to the calories
produced.

Amino acid catabolism already in-
creased during the first four hours of
infusion, and its proportion amounted
to 15, 12 and 7% of the total metab-
olism which in each infant represent-
ed a threefold rise of the preinfusion
oxidation rate of amino acids. This
was in complete agreement with the
findings of our previous study per-
formed during a four-hour Aminosol-
glucose load. During the rest of the
infusion period, a further substantial
increase occurred in the participation
of amino acids as sources of energy.
The maximum percentage reached
amounted to 60, 32 and 28 % in the
infants Nos 1, 2 and 3, respectively.

The response in urinary nitrogen
excretion (total minus a-amino nitro-
gen) and blood urea level, either in
magnitude or in timing, was similar
to that of protein metabolism, point-
ing to the close connexion between
urea formation and the changes in dis-
tribution pattern of substrate utili-
zation. The changesinnitrogen balance
during intravenous nutrition also
pointed towards an increasing contri-
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bution of amino acid oxidation to the
energy expenditure of the premature
infants. The time course of the re-
sponses in these parameters of protein
metabolism suggested a marked me-
tabolic stimulation during Aminosol-
glucose infusion leading to an increas-
eddeamination of amino acids. In this
respect, one has of course to reckon
with individual differences too, as it
was shown by the behaviour of the
three infants studied. In infant No. 1,
the positive nitrogen balance fell
nearly to zero, indicating that during
the last fractional period (from 16 to
28 hours) an intensive stimulation of
amino acid oxidation had occurred.

According to the balance data, after
discontinuing the intravenous nutri-
tion, urinary nitrogen excretion still
exceeded the preinfusion value, as a
sign of a continuing catabolism of the
retained amino acids. The twofold in-
crease in plasma a-amino nitrogen
level indicated a distinct retention of
amino acids, a portion of which cer-
tainly continued to enter the process
of oxidative deamination.

In our previous study concerning
the calorigenic effect of Aminosol-
glucose infused for four hours, only a
mean increase of 13.4% in basal heat
production was observed. There was a
considerable variation, and in some
infants no response was obtained.
Among the three infants investigated
inthe presentstudy, only one respond-
ed to the nutritive solution by a
definite and lasting increase in heat
production. The absence of a regular
calorigenic effect of the amino acid
mixture does not seem to fit into the
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prevailing concept concerning the
mechanism of the “specific dynamic
action” of protein. It has been
postulated [7] that extra heat pro-
duction elicited by protein consump-
tion represents the energy require-
ment of urea formation, more general-
ly the energy cost of the oxidation of
amino acids. On the basis of this ex-
planation one would expect a regular
and considerable thermogenic effect

whenever amino acid catabolism in-
creases. Although the present in-
vestigations have been performed

under conditions associated with a
considerably enhanced amino acid
oxidation and urea synthesis, in two
infants heat production did not in-
crease at all. This appears to be
against the above contention and
supports the observation ofa lack of a
regular connexion between the re-
sponses of urea formation and oxygen
consumption to a test meal in adults.

The pattern of the utilization of
metabolic fuels during Aminosol-
glucose infusion was also reflected by
the alterations in blood metabolites.
The increase in blood glucose and
glucose oxidation resulted in a de-
crease of FFA utilization, in accord-
ance with the concept of a glucose-
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