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The metabolic and hormonal effects of a short term (24-36 hrs), alternating 
intravenous administration of hypertonic (16%) glucose and Aminosol-glucose were in
vestigated. in premature infants. The majority of the infants under 1 500 g showed pa
thological signs and did not tolerate oral feeding. The purpose of the study was to 
explore an intravenous alimentation program capable of ensuring an improved amino 
acid utilization in terms of nitrogen balance, and to prevent some of the adverse effects 
of the amino acid mixture. It was thought that the hormonal state created by 16% 
glucose might increase the capacity of the tissues to utilize the amino acids.

The relevant findings were as follows.
1. Plasma free fatty acids and amino acids decreased, plasma insulin and growth 

hormone increased markedly in response to 16% glucose. The plasma aminogram indi
cated a profound redistribution of amino acids.

2. Aminosol-glucose infusion after the 16% glucose, increased the concentration 
of amino acids, but only to the starting level. Thus the previously decreased a-amino 
nitrogen content allowed to avoid a hyperaminoacidaemia and a marked distortion of 
the plasma amino acid pattern. Administration of the amino acid-glucose mixture usu
ally failed to maintain the previously stimulated insulin and growth hormone secretion.

3. The hormonal and metabolic responses to the intermittent infusion of hyper
tonic glucose and Aminosol-glucose were not associated with an improved nitrogen 
utilization. More than 50% of the administered amino acid nitrogen was excreted.

4. The metabolic acidosis observed under these condition was found to be vari
able, and practically compensated.
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In previous studies [24, 32] dealing 
with the metabolic pattern of parenter- 
ally fed premature infants receiving 
Aminosol-glucose infusion, a marked 
shift occurred in substrate utilization: 
the participation of protein and carbo
hydrate oxidation increased, while fat 
metabolism became the smallest energy 
component. This unphysiological pat
tern of metalbolism not only involves an

inefficient utilization of intravenously 
administered amino acids, but is also 
associated with a number of harmful 
metabolic, biochemical effects such as a 
quantitative and qualitative distortion of 
the free amino acid pattern [10, 15, 35], 
metabolic acidosis [5, 6, 33], hyper- 
ammonaemia [18], hyperosmolarity and 
increased blood urea level [17]. Most of 
these biochemical consequences are due
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302 I . Rubecz et al.: Infusion of glucose and Aminosol-glucose

to the increased amino acid catabolism 
which may account for a sizable portion 
of the energy metabolism [24, 32].

In an attempt to avoid the deleterious 
effects of an amino acid mixture, and to 
achieve a satisfactory anabolic amino 
acid utilization, the alternate adminis
tration of hypertonic glucose and Ami
nosol-glucose was thought to be a useful 
technique for creating a metabolic and 
hormonal internal environment in order 
to prevent hyperaminoacidaemia and to 
promote protein synthesis. It is well- 
known that dietary carbohydrate and 
intravenous glucose have a specific ac
tion on protein metabolism, resulting in 
a decrease of urinary nitrogen output [8, 
14, 26]. This nitrogen sparing effect is 
the resultant of stimulated insulin secre
tion which increases the transport of 
amino acids into the tissues [11, 22, 27, 
28]. It has also been demonstrated that 
intravenous glucose, in contrast to the 
adult, elicits growth hormone release in 
the early neonatal period [7, 25, 30], 
which might favourably influence the 
balance between catabolic and anabolic 
utilization of amino acids. It appears 
justified to assume that infusion of an 
amino acid-glucose mixture would 
maintain the stimulated insulin and 
growth hormone secretion induced by 
hypertonic glucose, since similar hor
monal changes are elicited by amino 
acids [19}.

The purpose of the present study was 
to show whether the ability to conserve 
amino acids could be increased by such a 
design of parenteral administration of 
nutritive mixtures. This report summa
rizes the metabolic and hormonal data 
obtained in premature infants undergo

ing parenteral nutrition for a limited pe
riod of time.

M aterial a nd  M eth o d s

In fan ts . Nine premature and three full-term 
infants after unsuccessful attempts at early oral 
feeding were given glucose and Aminosol-glucose 
alternately for 24-36 hours.Table t shows the|iclin- 
i'cal data of the infants as well as the volume and 
the amount of calories infused. The majority of the 
infants weighing less than 1500 g were depressed 
and without clinical and radiological evidence of 
respiratory distress syndrome. In these infants pH 
and pCCh values obtained prior to intravenous 
alimentation were not lower than 7.20 and not 
higher than 50 mm Hg, respectively. Four infants 
died at a postnatal age ranging from 3 to 6 days. 
The major autopsy findings are also indicated in 
Table I. One infant weighing 1890 g had oeso
phageal atresia and intravenous feeding was start
ed after operation. In a full term infant aged 33 
days, secondary malabsorption caused by severe 
enteritis was the indication for giving intravenous 
nutrients.

In fusâ tes. 16% glucose and 3.3% Aminosol- 
glucose mixture (Vitrum, Stockholm) were given 
intermittently by an infusion pump into a scalp 
vein.The design of the short-term;parenteral feed
ing was as follows. First, 16% glucoseiwas| given, at 
a rate from 0.06 to 0.12 ml/kg/min for 8 hours; this 
was followed by a 4-hour period of Aminosol- 
glucose infusion at the same rate; thereafter the 
alternating infusion of the two solutions was re
peated once more over the same periods of time. 
Thus the 24 hr observation period consisted of two 
glucose (8 hours each) and two Aminosol-glucose 
(4 hours each) periods. This intermittent infusion 
of the twoisolutions represented a daily,input rang
ing from 45.6 to 95.2 kcal/kg.

C hem ica l m onitoring. Except one infant aged 33 
days, blood samples were drawn from the umbilical 
vein prior to intravenous nutrition and at the end of 
each infusion period, thus at 8, 12, 20, 24 hours. 
The following determinations were made: glucose 
[29], FFA [9, 21], lactate [3], a-amino-nitrogen 
[34], plasma amino acid ratio (38), urea [4] and 
individual amino acids using a Beckman Automa
tic Amino Acid Analyser. Arterial blood samples
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T a b le  I.
C lin ic a l  d a ta  o f  in fa n t s ,  v o lu m e  o f  f lu id  a n d  a m o u n t  o f  c a lo r ie s  in fu s e d

N o. o f 
in f a n t  

a n d  se x

G e s t a 
t io n a l

a g e ,
w eek s

B ir th
w e ig h t ,

g
a n d  p e r 
c e n t i le

P o s tn a 
ta l  a g e

H is to r y  a n d  p e r in a ta l  
p a th a lo g y

A u to p s y  f in d in g
V o lu m e  in fu s e d T o ta l

c a lo r ie
in p u t,

k c a l/k g /
d ay

A m o u n t o f 
n u t r i e n t s

A m o u n t o f 
c a lo r ie s

m l/k g /d ay m l/k g /m in
G lu c o s e ,

g /k g /d a y
A m in o
a c id s ,

g /k g /d a y

G lu c o se .
k c a l/k g

d a y

A m in o
a c id s

i d 29
780
< P

10
9 h r s H y p o th e rm ia S u b a r a c h n o id a l  h a e m o r

rh ag e
107.69 0.0747 59.80 13.84 1.01 56.74 3.06

2 d 29
1060

p
10-25

24 h r s T h r e a t e n in g  a b o r t io n P u lm o n a r y  a te l e c t a s i s 101.88 0 .0 7 0 7 55.18 12.56 1.12 51.49 3.69

3 d 27 1000 23 h r s T h r e a t e n in g  a b o r t io n P u lm o n a r y  a te l e c t a s i s 144.00 0.1000 78.02 17.76 1.58 72.81 5.21

4 0 29
1370
P

25-50
19 h r s I n te r n a l  v e r s io n  a n d  

e x t r a c t io n
105.10 0 .0729 56.92 12.96 1.15 58.13 3.79

s d 38
1700
< P

10
6 h r s I n t r a u t e r i n e  m a l n u t r i t i o n .  

H y p o g ly c a e m ia
84.70 0 .0 5 8 8 45.61 10.44 0.93 42.80 2.81

e d 37
2870
P

25-50 33 d a y s
A —О in c o m p . P e r in a t a l  i n f e c 
t io n .  H y p e r b i l i ru b in a e m ia .  

E n te r i t i s .  M a la b s o rp t io n .
171.43 0.1190 95.17 21.82 1.88 89.46 5.71

7 ? 34
1440
< P

10
24 h r s

T o x a e m ia .  B re e c h  d e l iv e ry .  
I n t r a u t e r in e  m a ln u t r i t i o n .  

A s p h y x ia .
100.00 0 .0694 48.63 11.05 1.10 45.30 3.33

8 ? 29
1430
P

50-75
8 h r s T w in  p r e g n a n c y .  F o e to - f o e to l  

t r a n s f u s io n .  A n a e m ia .
100.69 0.0699 54.21 12.41 1.10 50.88 3.33

»9 29
1500
P

50-75
8 h r s T w in  p r e g n a n c y .  F o e to - f o e ta l  

t r a n s f u s io n .  P le th o r a .
96.00 0.0666 52.00 11.84 1.05 48.54 3.46

10 9 36
1890

< P
10

14 h r s
T o x a e m ia .  H y d r a m n io s .  O e s o 
p h a g e a l  a t r e s ia .  A s p i r a t io n  

p n e u m o n ia .
152.38 0 .1058 82.78 18.79 1.67 77.04 5.74

и ? 28
1030
P

10-25
6 h r s T h re a te n in g *  a b o r t io n .  

B le e d in g  d u r in g  p r e g n a n c y .
104.85 0.0729 56.80 12.93 1.15 53.01 3.79

i * 9 27 850 6 h r s T h r e a t e n in g  a b o r t io n .  H y p o 
th e r m ia

In tra v e n tr ic u la r  h a e m o r
rh ag e

84.70 0.0588 45.57 10.43 0.93 42.76 2.81
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304 I . Rubecz et al.: Infusion of glucose and Aminosol-glucose

w ere taken  for determ ination  of acid-base status by 
the equilibration m ethod o f  A strup et al. [2].

Urine was collected fractionally under toluene 
and the fractions were frozen separately until ana
lyzed. Urinary titratable acid was measured by the 
method of G yőri et al. [16], ammonium excretion 
according to McCullough [23], and bicarbonate 
by determining the carbon dioxide content of the 
urine using a micromethod [31].

Net acid excretion was given by the sum of uri
nary titratable acid (TA) plus ammonium (NH*) 
minus bicarbonate (НСОз). Endogenous acid 
production was approximated at 2 mEq per kg per 
day, as assumed by A lbert and W inter [1] and 
confirmed recently in premature infants by Chan 
[5]. Exogenous acid input was calculated from the 
volume of Aminosol-glucose infused, using the 
value of 14 mEq/1 titratable acidity given by 
W retlind [39]. Urinary net acid excretion and the 
net acid balance calculated for two 12 hr periods 
(each consisting of 4 hr Aminosol-glucose infusion 
and 8 hour 16%, glucose infusion)(was only deter
mined in five premature infants (Nos. 1-5).

In the latter five infants, the amount of nitrogen 
infused and excreted as urea and a-amino nitrogen 
was also determined. Nitrogen balance was calcu
lated for two 12 hr intervals as well as for the whole 
observation period. In these balance studies the 
excretion rates obtained during a 4 hr preinfusion 
+ the first 16% glucose were used for comparison. 
For statistical analysis the means and standard er
rors were calculated; when it seemed necessary, 
significance was estimated by Student’s t test.

R esu l t s

M e ta b o lic  R e sp o n se s

B lo o d  g lu co se . The infusion of 16% 
glucose-solution caused an increase in 
blood glucose level (Fig. 1). In some in
stances it exceeded 200 mg per 100 ml 
when glucose appeared in the urine. 
During the subsequent period when the 
amino acid-glucose mixture was given, 
glucose concentration fell below 100 mg 
per 100 ml. The mean value obtained at 
the end of this period was not signifi

cantly higher than the fasting glucose 
concentration.

P la sm a  F F  A . As expected (Fig. 1), 
plasma FFA declined gradually from a 
mean fasting concentration of 0.6 mEq/1 
to 0.1 mEq/1 which was a highly signifi
cant response in plasma free fatty acids. 
From Fig. 1 it can be seen that the de
cline continued during Aminosol-glu
cose infusion representing a consider
ably lower glucose load.

B lo o d  lacta te . Fig. 1 shows that the 
lactate level decreased slightly during 
the consecutive periods of parenteral 
nutrition resulting in a fall of 8 mg per 
100 ml at the end of the observation pe
riod. In five instances, however, a rise in 
lactate was observed during the first in
fusion period of hypertonic glucose.

a -a m in o  n itrogen . From Fig. 2 it is 
obvious that 16% glucose administra
tion caused a marked and significant fall 
in mean total plasma amino acid content. 
During the Aminosol-glucose infusion it 
returned to the fasting level and in 
neither instance was hyperaminoacid- 
aemia observed. In three infants exhib
iting a low fasting a-amino nitrogen 
concentration (3 mg per 100 ml) the 
amino acid-glucose mixture caused a 
rise above the starting level which, how
ever, did not exceed 5 mg per 100 ml.

U rea  n itrogen . The mean changes in 
blood urea during the consecutive pe
riods of parenteral feeding are shown in 
Fig. 2. A definite tendency to increase 
was observed, but owing to the wide 
variation of the individual values, the 
highest mèan urea obtained at the end of 
the second Aminosol-glucose infusion 
period did not significantly differ from 
the fasting concentration.
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p< 0.0 l

Blood g lucose  

p< 0,0 l

21 Ih h r

A -C A - C

F ig . 1. Responses of blood glucose, lactate and FFA to the alternate infusion of hypertonic glucose and 
Aminosol-glucose. G = glucose; A-G = Aminosol-glucose

oc - am ino - nitrogen

U rea n itro g en

F ig . 2. a-amino nitrogen and urea content of plasma during hypertonic glucose and Aminosol-glucose in- 
fusion. G = glucose; A-G = Aminosol-glucose
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T able II.
P la s m a  a m in o  acid  c o n c e n t r a t io n s  / m ea n  an d  r a n g e  / in  f iv e  p r e m a tu r e  in fa n ts

306 I . Rubecz et al. : Infusion of glucose and Aminosol-glucose

Amino
acid

Fasting, 

// mol/1

By 8 th h r during 
first glucose period,

//mol/1

By 4 th  hr during 
first Aminosol-glucose 

period,
//mol/1

T aurine 1 9 6 . 4 8
46.12-359.13

1 2 7 . 2 9
29.17 -  242.90

1 0 3 . 5 7
42.41 -  198.57

A sp artic  acid 3 1 . 6 4
28.18 -  45.55

3 6 . 9 2
26.21 -  42.70

6 8 . 4 9
40.56 -  89.67

T hreonine 1 7 3 . 1 9
110.16 -  252.37

1 2 4 . 2 4
110.04 -  134.84

1 6 9 . 9 3
127.95 -  214.46

Serine
6 2 . 9 6

31.47 -  124.27
3 8 . 9 7

17.11 -  64.51
5 4 . 2 0

34.02 -  103.60

G lutam ic acid 4 7 9 . 7 9
222.51 -  764.04

3 1 7 . 0 8
183.60 -  529.05

2 9 3 . 9 9
219.62 -  401.02

C itru llin e 3 5 . 0 9
19.79 -  71.01

1 7 . 5 7
8.56 -  21.95

1 8 . 4 4
12.27 -  24.11

P ro line  m 2 4 3 . 8 0
95.44 -  370.24

2  Î  2 . 6 2
76,33 -  510.17

2 6 4 . 7 4
116.30 -  371.70

Glycine 2 9 2 . 5 6
212.50 -  369.43

2 2 9 . 7 5
126.28 -  351.02

1 9 0 . 8 8
144.24 -  250.35

A lanine 2 6 8 . 0 2
212.82 -  308.62

2 6 4 . 3 9
144.25 -  470.46

2 7 7 . 9 1
137.24 -  301.80

C ystine 6 4 . 5 3
26.06 -  94.63

4 4 . 2 3
28.51 -  65.30

5 1 . 9 3
29.41 -  85.16

Valine 1 4 5 . 5 6
71.68 -  203.41

7 8 . 0 1
60.88 -  94.56

1 4 0 . 0 4
98.05 -  181.91

M ethionine 3 8 .1 2
9.75 -  64.06

1 7 . 6 0
3.75 -  37.84

3 1 . 9 0
18.26 -  41.35

Iso leucine 6 1 . 7 1
31.11 -  79.63

3 2 . 0 9
22.31 -  44.44

6 0 . 2 8
33.19 -  85.22

L eucine 8 6 . 2 3
49.10 -  103.56

4 5 . 0 2
34.00 -  52.90

1 0 4 . 8 3
67.15 -  150.07

T yrosine 3 0 2 . 9 0
185.58 -  467.64

2 5 1 . 7 9
88.55 -  463.07

2 4 9 . 2 8
116.93 -  430.14

P hen y lalan in e 1 4 1 . 5 9
87.31 -  190.10

8 6 . 9 0
49.16 -  122.56

1 2 0 . 7 8
111.92 -  139.20

H istid in e 5 4 . 7 7
50.21 -  59.90

8 3 . 3 8
45.73 -  141.42

9 8 . 0 1
44.34 -  207.57

A rg in ine 6 0 . 3 6
23.81 -  78.47

3 3 . 5 5
11.02 -  62.64

5 2 . 4 8
23.22 -  72.95
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S 0, 090 ‘ 

1 0.070-

s 0,060I 0.050 
£ 0,040- 
5 0.030

hton esssntiol group o f amino acids

0,090  
и  0,090  
I 0.070 
“ 0,060 
I 0,050- 
g 0,040 
? a030- 
^  0.020

E sstn tia ! group o f  am ino acids

R atio

Fasting by в 12 20 24 th hr
Г----- ШШМШ----  и м я

G А -G  G А -G

Fig. 3. Responses to hypertonic glucose and Aminosol-glucose of the combined plasma concentration of 
nonessential (glycine + serine + glutamine + taurine) andessential (leucine + isoleucine + valine + me
thionine) amino acids. The ratio of these two groups of amino acids is also shown. G = glucose; A-

G = Aminosol-glucose

P la sm a  a m in o g ra m . The extinction 
values indicating the combined plasma 
concentration of the non-essential (gly
cine + serine + glutamine + taurine) 
and essential (leucine + isoleucine + va
line + methionine) group of amino acids 
are shown in Fig. 3. It can be seen that 
the plasma concentration of both groups 
of amino acids was depressed by glucose 
administration. This decline was, how
ever, more pronounced in the level of 
essential leucine + isoleucine + valine + 
methionine causing a slight increase in 
the ratio. Infusion of the amino acid

mixture was accompanied by a dispro
portionate increase in the two groups of 
amino acids which resulted in a marked 
fall in their ratio. The more pronounced 
rise in the concentration of leucine + 
isoleucine + valine + methionine re
flected the higher concentration of these 
amino acids in the mixture. By the end of 
the following glucose period the plasma 
levels of both groups of amino acids were 
again significantly lower than the start
ing level. This period was again followed 
by Aminosol-glucose infusion with sim
ilar changes in the plasma content of

Acta  Pacd ia trica  Academ ia* S r ie n tin m m  H ungarian* 1,5. IU74-



308 1. Bubecz et al.: Infusion of glucose and Aminosol-glucose

Fig. 4. Plasma concentration of individual amino acids during fasting and the alternate infusion of glucose
and Aminosol-glucose

the two groups of amino acids as pre
viously.

In five infants the plasma concentra
tion of 18 amino acids was determined 
using an automatic amino acid analyser. 
The fasting values (means and ranges) 
and those obtained by the end of the first 
glucose and Aminosol-glucose period 
are shown in Table II as well as in Fig. 4. 
Owing to the small number of infants, 
statistical analysis was not performed. 
The changes observed were in accord
ance with those obtained by Whitehea
d’s amino acid ratio test.

From Fig. 4 it is apparent that, except 
alanine, histidine and aspartic acid, the 
plasma concentration of the amino acids

decreased in response to the infusion of 
glucose. Administration of the amino 
acid mixture partly restored the plasma 
aminogram; the concentration of some 
of the amino acids was, however, still 
below the fasting level, and only four 
(proline, leucine, histidine, and aspartic 
acid) showed a higher concentration.

Insulin and Growth Hormone

Plasma insulin concentration was fol
lowed in eight intermittently fed pre
mature infants (Fig. 5). In one infant no 
change was observed, in another the high 
fasting insulin concentration fell in re-

Acta Paediairica Academiae Scientiarum Hungaricae 15, 1974
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Fasting Ь у в  12 20 24 Fasting byO 12 20  2 t  Posting Ьув 12 20  24 th hr  
0  A -0  G А -G  G A -G  G А -G  G А -G  G A -G

Fig. 5. Response of plasma insulin to the alternate infusion of hypertonic glucose and Aminosol-glucose. 
The figures correspond to the identification numbers of the infants scheduled in Table I

Posting by в  12 20 24 Fasting Ь у в  12 20  24 Fasting Ьув 12 20  24 th hr 
G А -G G А -G  G А -G  G А -G  G А -G  G A -G

Fig. 6. Response of plasma growth hormone to hypertonic glucose and Aminosol-glucose infusion. The 
figures correspond to the identification numbers of the infants scheduled in Table I

sponse to parenteral feeding. Two in
fants responded by a marked increase in 
plasma insulin content by the end of the 
first 8 hr interval of 16% glucose, and a 
further considerable increase occurred 
during the rest of the observation period. 
In four premature infants the moderat
ely increased plasma insulin concentra
tion in response to the first glucose infu
sion fell when Aminosol-glucose was

administered, and rose again by the end 
of the second 8 hr period of glucose.

As it can be seen in Fig. 6, in two in
fants plasma growth hormone concen
tration remained practically unchanged 
and in one the high fasting level declined 
during intermittent intravenous nutri
tion. In five infants, however, 16% glu
cose caused an increase in the plasma 
growth hormone content. By the end of

Acta Paediatrica Academiae Scientiarum Hungaricae 15. 1974
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Fig. 7. Mean plasma growth hormone level during glucose and Aminosol-glucose infusion

T h e  i n d i v i d u a l  a n d  m e a n  n i t r o g e n  b a l a n c e  i n  f i v e  p r e m a t u r e  i n f a n t s

Fig. 8. Individual and mean nitrogen balance in five premature infants receiving hypertonic glucose and 
Aminosol-glucose alternately. ■ 4 hr fasting + 8 hr glucose infusion; Ç 4 hr Aminosol-glucose + 8 hr 
glucose infusion; □ 4 hr Aminosol-glucose + 8 hr glucose infusion; □ mean of the two 4 hr Aminosol-

glucose + 8 hr glucose periods

Aminosol-glucose infusion, it fell to the 
fasting level and in three infants it rose 
again during the further course of par
enteral feeding. Mean growth hormone 
response is demonstrated in Fig. 7.

Nitrogen Balance

In Table III, the amount of nitrogen 
infused and excreted as urea in the urine 
during two consecutive 12 hour intervals 
as well as in the course of the total ob

servation period (24 hours) is 
demonstrated. The proportion of the ni
trogen input excreted with urine varied 
greatly in the individual infants. While, 
e.g. in infant No. 5 only about 15% was 
excreted, in infant No. 2 the loss exce
ed the amount infused. On the average, 
somewhat more than 50% of the nitro
gen input was excreted as urea nitrogen.

Nitrogen balance in terms of mg/kg/hr 
is shown in Fig. 8, which visualizes well 
the individual differences among the five

Acta Paediatrica’ Acadcmiae Scientiarum Hungaricae 15, 1974
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A m o u n t  o f  n i t r o g e n  i n f u s e d  a n d  e x c r e t e d  a s  u r e a  d u r i n g  a l t e r n a t e  i n f u s i o n  o f  h y p e r t o n i c  g l u c o s e  a n d
A m i n o s o l - g l u c o s e

T a b l e  I I I .

12 hr periods

Urea nitrogen 
excreted 

during 
4 hr p re in

fusion + 8 hr 
glucose period.

4 h r Aminosol-glucose + 8 hr glucose 4 hr Aminosol-glucose + 8 hr glucose
Total observation period 

/ 24 h o u rs /

Infant

Amount 
of nitrogen 

infused,

Amount 
of nitrogen 

excreted.

Proportion
excreted.

Amount 
of nitrogen 

infused.

Amount 
of nitrogen 

excreted,

Proportion
excreted.

Amount 
of nitrogen 

infused,

Amount 
of nitrogen 

excreted.

Proportion
excreted.

No. mg mg mg per cent mg mg per cent mg mg per cent

l 3 .57 6 3 .36 4 6 .7 8 7 3 .83 6 8 .6 4 2 9 .8 6 4 3 .5 0 132 .00 7 6 .64 5 8 .0 6

2 2 9 .7 0 8 9 .7 6 101 .39 112 .84 9 5 .0 4 116 .48 122 .55 184 .80 2 1 7 .8 7 117 .89

3 32.79 126 .72 5 2 .3 5 41 .31 126 .72 3 7 .4 3 2 9 .5 3 2 5 3 .4 4 8 9 .7 8 3 5 .4 2

4 17.34 1 2 6 .72 7 7 .86 6 1 .4 4 1 2 6 .72 6 0 .6 5 4 7 .8 6 2 5 3 .4 4 138 .51 5 4 .6 4

5 2 2 .5 3 126 .72 18.49 14.59 1 2 6 .7 2 14.71 11.60 2 5 3 .4 4 3 3 .20 13.09

Mean 2 1 .1 8 1 0 6 .65 5 9 .3 7 6 0 .8 0 108 .76 5 1 .8 2 5 3 .0 0 2 1 5 .4 2 111 .20 5 5 .82

Range 3 .5 7  - 
3 2 .7 9

6 3 .3 6  - 
126 .72

18 .49  - 
101 .39

14 .59  - 
112 .84

6 8 .6 4  - 
126 .72

14.71 - 
116 .48

11 .60  - 
122 .55

132 .00  - 
2 5 3 .4 4

3 3 ,2 0  - 
2 1 7 .8 7

13.09 - 
117 .89
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Tilratable acid, NH  ̂ and net acid excretion rates in live 
premature infants

F i g . 9. Titratable acid, NFk and net acid excretion in five premature infants. D 4 hr fasting + 8 hr glucose 
infusion; □ 4 hr Aminosol-glucose + 8 hr glucose infusion; □ 4 hr Aminosol-glucose + 8 hr glucose infu

sion; ü mean of the two 4 hr Aminosol-glucose + 8 hr glucose periods

premature infants examined. The nega
tive nitrogen balance of the period used 
as control (4 hr preinfusion period + 
8 hr period of 16% glucose) showed a 
marked individual variation. The posi
tive balance obtained during the com
bined fractional periods Aminosol-glu
cose + glucose varied between 2 and 6.2 
mg/kg/hr. In infant No. 2, whose urinary 
nitrogen excretion rate was very high 
when only glucose was given, a positive 
balance could not be achieved during the 
further course of alternate infusion of 
Aminosol-glucose and glucose solution. 
The negative balance decreased mark
edly, but urea-nitrogen excretion rate 
still exceeded the rate of amino acid ni
trogen infusion.

Mean total balance in the five very low 
birth weight infants is seen in Fig. 8.

In Table IV, urinary a-amino nitrogen 
excreted during the two 12 hr-intervals

(Aminosol-glucose + glucose) and in the 
total (24 hrs) observation period is 
shown. For comparison, the excretion 
rate obtained during the 4 hr preinfusion 
period + 8 hr 16% glucose period is 
given. It is seen that in three infants 
(Nos. 1, 2, 3) a-amino nitrogen excre
tion increased, in the remainder two it 
decreased. The mean rise during the to
tal observation period (24 hrs) amount
ed to about 3 mg/kg.

N e t A c id  B alance a n d  A c id -B a s e  S ta tus

In Fig. 9, titratable acid, NH4 and net 
acid excretion during the 4 hr preinfu
sion period + 8 hr glucose period and in 
the course of two consecutive 12 hr in
fusions of Aminosol-glucose -+- glucose 
as well as that for the total parenteral 
feeding period (24 hrs) is shown. There 
were great individual differences in renal 
TA and NH4 output which did not al-
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T a b l e  IV .

U r i n a r y  a m i n o  a c id  n i t r o g e n  e x c r e t i o n  d u r i n g  i n t e r m i t t e n t  p a r e n t e r a l  f e e d i n g

Infant

No.

Amino acid ni
trogen excreted 

during 4 hr 
preinfusion +
8 hr glucose 

period,

mg/kg/12 hrs

12 hour period^

Total observation period 
/ 24 hours /4 h r Am inosol-glucose + 8 hr 

glucose
4 hr Am inosol-glucose + 8 hr 

glucose

Amino acid N 
infused, 

mg/kg/12 hrs

Amino acid N 
excreted, 

mg/kg/12 hrs

Amino acid N 
infused, 

mg/kg/12 hrs

Amino acid N 
excreted, 

mg/kg/12 hrs

Amino acid N 
infused, 

mg/kg/12 hrs

Amino acid N 
excreted. 

mg/kg/12 hrs

1 1.78 8 1 .2 0 17 .29 8 8 .0 0 3 .05 8 4 .6 0 10 .17

2 6 .34 8 4 .6 8 8 .13 8 9 .6 4 12 .27 87 .16 10.20

3 3 .28 1 2 6 .72 11 .95 1 2 6 .72 13.73 126 .72 12.84

4 18.05 9 2 .4 8 16 .26 9 2 .4 8 9 .53 9 2 .48 12.89

5 7 .94 7 4 .5 2 7 .08 7 4 .5 2 6 .06 7 4 .52 6 .5 7

M e a n 7 .47 9 1 .9 2 12.14 9 4 .2 7 8 .92 9 3 .09 10.53

R a n g e 1.78 - 
18 .05

7 4 .5 2  - 
126 .72

7 .08  - 
17 .29

7 4 .5 2  - 
126 .72

3 .05  - 
13.73

7 4 .5 2  - 
126 .72

6 .5 7 -
12.89

. R
ubecz et al.: Infusion of glucose and A

 m
inosol-glucose 
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T h e  i n d i v i d u a l  a n d  m e a n  n e t  a c i d  b a l a n c e  i n  f i v e  p r e m a t u r e  

i n f a n t s

Fig . 10. Individual and mean net acid balance in five premature infants. □ 4 hr fasting + 8 hr glucose infu
sion; □ 4 hr Aminosol-glucose +  8 hr glucose infusion; □ 4 hr Aminosol-glucose +  8 hr glucose infusion; 

□ mean of the two 4 hr Aminosol-glucose + 8 hr glucose periods

ways change parallel. For example, in 
infant No. 1, the response in NH4 excre
tion was marked, whereas ТА excretion 
increased slightly. The reverse was ob
served in infant No. 2: the pronounced 
rise in urinary ТА output was unac
companied by a response in NH4 excre
tion. According to the mean excretion 
rates, titratable acid constituted about 
one third, and NH4 excretion two thirds, 
of the total net acid output. Two infants 
(Nos. 3 and 4) excreted large amounts of 
bicarbonate due to bicarbonate infusion. 
In the remainder, bicarbonate excretion 
was low.

Net acid balance in the five premature 
infants before and during the two 12 
hour periods of intravenous alimenta
tion is demonstrated in Fig. 10. In every 
instance, the positive net acid balance 
increased in response to intermittent in
travenous feeding, indicating H+ reten

tion. Mean net acid balance of the five 
infants is also shown.

Fig. 11 shows the pH and BE obtained 
in the prematures whose net acid balance 
was calculated. In three infants exhibit
ing moderate metabolic acidosis the 
complete acid-base status, and in one 
infant, who was alkalotic for unknown 
reasons, only the pH was followed be
fore and during parenteral feeding. In 
the acidotic infants, BE values fell to le
vels between -10 and -15 mEq/1 by the 
end of the 24-hour intravenous feeding 
period. However, the pH showed minor 
variations, and was more or less main
tained at the starting level. Mean pH and 
BE ± SE for the whole group of 
infants including those in whom acid 
balance studies were performed, are 
demonstrated in Fig. 12. It is seen that 
the mean pH was maintained throughout 
the observation period.
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F a s t i n g  b y  в  12  2 0  2 4  t h  h r  F a s t i n g  b y  в  12 2 0  2 4  t h  h r

0  A - 0  C  A - C  C  A - C  О  A - 0

Fig. 11. pH and BE in premature infants whose net acid balance was calculated

Fig. 12. Mean ± SE pH and BE of the whole group of infants including those in whom acid balance studies
were performed

D isc u ssio n

The purposes of the alternate adminis
tration of hypertonic glucose and 
Aminosol-glucose were to explore an 
intravenous alimentation program in 
order to achieve a more efficient amino 
acid utilization in terms of nitrogen bal
ance, and to eliminate some of the ad
verse effects of an amino acid mixture

such as hyperaminoacidaemia, metabol
ic acidosis, and increased urea produc
tion. The short-term program followed 
was not entirely sequentional as far as 
glucose and amino acid administration 
are concerned. Only the amino acid 
mixture was given intermittently for a 
period of 4 hours; glucose as the basic 
caloric source was, in fact, infused 
throughout the observation period.
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Glucose concentration of the solutions 
differed, however, markedly: 16% glu
cose in water alternated with 5 % glucose 
in the amino acid mixture (Aminosol- 
glucose).

In order to increase the caloric input, 
16% glucose was chosen instead of a 
10% solution. The rate of infusion was 
approximately 0.06—0.12 ml/kg/min, 
which in the majority of infants was not 
accompanied by a rise in blood glucose 
over 200 mg per 100 ml. Although 16% 
glucose was administered into a scalp 
vein, no signs of phlebitis were observed. 
Besides the increase in caloric input, a 
further aim of giving 16% glucose was to 
create a metabolic state favourable for 
transport of amino acids into cells, and 
thus for improving amino acid utiliza
tion.

It is a well-established fact that dietary 
or intravenous carbohydrate does not 
only serve as an energy source but has 
also an important action on protein 
metabolism [8, 14]. Intravenous glucose 
is capable of decreasing urinary nitrogen 
output of the fasting subject [26]. This 
sparing effect on protein catabolism is 
probably the result of an increased insu
lin secretion which is known to promote 
protein synthesis [22, 27, 28]. Thus our 
aim with 16% glucose was to induce a 
hyperinsulinaemic state which might in
crease the capacity of the tissues to uti
lize amino acids. At first sight it might 
seem unreasonable to provide glucose 
and amino acid alternately, but it should 
be kept in mind that the amino acid 
mixture was given together with 5% 
glucose which, although at a lower rate, 
was expected to ensure a continuous in
sulin release. Furthermore, it was as

sumed that the simultaneously adminis
tered amino arid mixture could also 
contribute to the maintenance of stimu
lated insulin secretion.

P la sm a  M etabo lites  Insulin,
G ro w th  H o rm o n e

FFA and a-amino nitrogen responded 
with a marked fall to the hyperglycaemia 
caused by the infusion of hypertonic 
glucose. Both responses were in all 
probability due to a common cause, to 
the stimulation of insulin secretion. The 
insulin response was variable, in two in
stances an excessive rise was observed. It 
is common knowledge that insulin in
hibits the release of FFA and enhances 
amino acid uptake by the tissue, partic

ularly by the muscles. To explain the 
metabolic consequences of glucose infu
sion, besides insulin, the release of 
growth hormone observed in the major
ity of infants should also be taken into 
consideration.

As regards the latter effect it appears 
reasonable to suppose that the stimula
tion of growth hormone secretion by 
hyperglycaemia, which is a well-known 
paradoxical hormonal reaction in the 
newborn, contributes to the removal of 
amino acids from the plasma. The si
multaneous release of the two hormones 
might act synergistically as far as the 
capacity for protein synthesis is concern
ed. According to the observations of 
M u n r o  and T h o m so n  [26 ] made in 
adults, all the essential amino acids and 
the majority of the non-essential ones 
respond by a rapid fall to carbohydrate 
administration. Sw e n d s e id  et al. [37]
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reported similar findings after glucose 
ingestion by adult subjects. In these 
studies, while the total amount of essen
tial amino acids was significantly de
creased, no change occurred in 
non-essential amino acids. Some indi
vidual dispensable amino acids respond
ed, however, by a fall or rise in their 
plasma concentration. The qualitative 
changes in the plasma aminogram ob
tained in the present studies by using the 
plasma amino acid ratio test [38 ] also 
pointed to a profound redistribution of 
amino acids. The combined concentra
tion of amino acids comprising the two 
groups included in Whitehead’s quotient 
were affected, but only that of the essen
tial leucine + isoleucrne + valine + me
thionine fell significantly below the ini
tial level. This was in accordance with the 
findings of Sw e n d s e id  et al. [37 ] in 
adults that the removal of branched 
chain amino acids from the plasma was 
particularly pronounced after glucose 
loading. The greatest decrease was ob
served in leucine.

The metabolic removal of amino acids 
from the plasma was evident also from 
the changes in the concentration of 18 
individual amino acids observed in five 
infants. In view of the small number of 
examinations, statistical analysis of the 
differences in the means was not per
formed. However, except alanine, histi
dine and aspartic acid, both non-essen
tial and essential ammo acids de
creased markedly during the 8 hr glucose 
period.

Experimental evidence suggests that 
the changes in plasma amino acid con
centration brought about by glucose in
fusion reflect an enhanced protein syn

thesis in muscle. Munro and Thomson 
[26] as well as Swendseid et al. [37] 
concluded that the pattern of amino acid 
removal from plasma resembled the 
composition of muscle protein. But the 
increased amino acid transport to tissues 
caused by insulin secretion in response to 
glucose might not necessarily indicate an 
enhanced protein synthesis. The organs 
can probably take up and accumulate 
amino acids in the free amino acid pool 
without immediately metabolizing them 
or using them for anabolic processes. 
Since muscle constitutes a large propor
tion of body weight, it is quantitatively 
the major site of free amino acid deposi
tion during glucose or amino acid in
fusion.

The infusion of Aminosol-glucose at a 
rate of 0.06-0.12 ml/kg/min increased 
the concentration of the circulating free 
amino acids, but only to the starting 
level. Thus, the previously depressed 
a-amino nitrogen content allowed to 
avoid a hyperaminoacidaemia, one of 
the undesirable consequences of infusing 
amino acid mixtures.

The alterations in the individual 
amino acids were both qualitatively and 
quantitatively similar to those included 
in the plasma amino acid ratio. While the 
plasma levels of the essential amino acids 
approached or attained the fasting value, 
some of the non-essential amino acids 
remained at lower levels.

The interrelation between plasma in
sulin and amino acid levels is well- 
known. On the one hand, insulin reduces 
the amount of amino acids, which in the 
present studies was indirectly achieved 
by glucose administration. On the other 
iiand, many amino acids, particularly the

I’artliatrica Arademine Scient iar am Hvmjarirne 15, 1974



318 I . Rubecz et al.: Infusion of glucose and Aminosol-glucose

branched chain ones, induce a prompt 
and considerable increase in the plasma 
insulin levels [12, 13]. Thus one would 
expect a stimulation of insulin secretion 
in response to the amino acid mixture, 
which might be potentiated by the si
multaneously administered 5% glucose 
(Aminosol-glucose).

As seen in Fig. 5,\ a persistently and 
excessively high insulin level was ob
served in two infants only. In four others 
the insulin concentration, which was 
previously increased by 16% glucose, 
fell during Aminosol-glucose infusion, 
and rose again in the course of the fol
lowing glucose period. Thus, except two 
instances, the amino acid mixture failed 
to maintain stimulated insulin secretion, 
although a variety of amino acids are 
capable of causing insulin release. An 
explanation of this lacking insulin re
sponse might be that the Aminosol-glu
cose infusion was not accompanied by 
hyperaminoacidaemia, it only normaliz
ed the amino nitrogen content which 
had previously been decreased by hy
pertonic glucose. Therefore, it appears 
reasonable to assume that an increased 
plasma amino acid content represents an 
intensive stimulus on insulin release, 
such as it is the case when a marked rise 
in blood glucose occurs in response to a 
hypertonic solution. The normalization 
of the suppressed aminoacidaemia was 
probably insufficient for ensuring a 
marked rise of the plasma insulin level. 
Neither the alteration in the plasma 
amino acid pattern, characterized by an 
increase in the proportion of branched 
chain amino acids, appeared to be capa
ble to release insulin. This is interesting 
in the light of recent observations of

Felig et al. [11], that in obese adults 
branched chain amino acids may have 
an important role on the feed-back 
regulation of insulin secretion.

Besides insulin, growth hormone 
might also have a role in the reduction of 
plasma amino acids caused by glucose 
administration in the newborn infant. 
Growth hormone is known to augment 
amino acid uptake, and to increase 
protein synthesis. As it was expected [7, 
25, 30] hypertonic glucose increased the 
growth hormone level, but this was not 
maintained by the infusion of the amino 
acid-glucose mixture. This indicated 
that the amino acids given under our 
experimental conditions did not elicit a 
release of growth hormone although 
certain amino acids such as arginine, may 
act as a potent stimulus of growth hor
mone secretion even in the full term, 
newborn infant [20, 36]. The lack of 
response in the present investigations 
might have been due to the infants’ im
maturity or to the absence of hypera
minoacidaemia during Aminosol-glu
cose infusion.

Nitrogen Balance

The present design of parenteral nu
trition in premature infants was not as
sociated with a nitrogen utilization bet
ter than in our previous examinations 
[24]. More than 50% of the administer
ed amino acid nitrogen was excreted as 
urea by the kidney. There was, however, 
a great individual variation which re
flected the difference in the anabolic uti
lization of amino acids. The mean in
crease in renal amino acid excretion in
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terms of a-amino nitrogen was negligi
ble.

The hormonal and metabolic respons
es td the short-term intermittent admin
istration of hypertonic glucose and 
Aminosol-glucose was not associated 
with an increased amino acid sparing ac
tion, although hypoaminoacidaemia was 
induced by the former and hyperami- 
noacidaemia had been avoided by means 
of the latter.

A large amount of amino acid remov
ed from the plasma was probably rap
idly oxidized, resulting in a low utiliza
tion of amino acids for protein synthesis. 
This was reflected by the gradually , in
creasing blood urea concentration. Since 
the amino acid mixture was not given in 
an excessive amount, which is known to 
stimulate amino acid degradation, im
balance, and the catabolic state of the 
newborns’ insufficient calorie supply 
might have been the major factor re
sponsible for the failure of achieving a 
better nitrogen retention. All these fac
tors increase the likelihood of amino 
acids becoming degraded instead of be
ing incorporated into protein.

The increased uptake of amino acids 
by the organs during intravenous feeding 
was probably temporary, and a large part 
of it seems to have been released on 
cessation of the stimulated hormonal 
secretion participating in the control of 
distribution and utilization of the admin
istered amino acids. A smaller part of 
the increased tissue amino acid pool may 
be used for protein synthesis which, 
however, does not imply net protein 
formation. An unphysiological route of 
administration, imbalanced mixture, 
excessive amount, grossly changed in

ternal amino acid environment, multiple 
metabolic and hormonal response are 
the factors which in the early postnatal 
period hinder to achieve the main goal of 
parenteral feeding: to influence favour
ably the balance between synthesis and 
breakdown.

A c id - B a s e  B a lan ce

The metabolic acidosis observed was 
variable and practically compensated. 
Hydrogen ion input exceeded hydrogen 
ion excretion with a drop in base excess. 
The acidifying effect was, however, less 
pronounced than that associated with 
Aminosol-glucose administered contin
uously, and at a higher rate in our pre
vious studies [33]. This can simply be 
explained by the less excessive acid load 
represented by the parenteral feeding 
design.

The pattern of hydrogen ion excretion 
showed individual variations. Mean 
ammonia ion excretion amounted ap
proximately to two thirds of the total net 
acid excretion. As regards the renal 
responses, the majority of premature 
infants studied was immature and sick, 
and thus less capable of adequately re
sponding to an acidogenic amino acid 
mixture.
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