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The effect of infusion of Aminosol-glucose 
on the acid-base balance

of low-birth-weight infants
By

I. R u BECZ and J .  M e STYÁN

D epartm ent o f  Paediatrics, U niversity  Medical School, P écs  
(R eceived  A ugust 23, 1973)

In  seven  low -birth-w eight in fants receiving in th e  early neonatal 
period 3.3% Am inosol-glucose solution  for 16 — 28 hours, acid-base status 
and acid balance have been investigated .

1. D uring infusion of the n utritive m ixture, m etabolic acidosis 
developed. I t  w as particularly pronounced in prem ature in fan ts w ith a 
gestational age below  30 w eeks and w eighing less than 1500 g.

2. The m etabolic acidosis w as due to the marked positive  n et acid 
balance observed in  every infant.

3. In  response to  A m inosol-glucose adm inistration, a  nearly  three
fold rise in  N11+ excretion occurred during the first 4 hours o f  infusion, 
while urinary titratable acid ity  rem ained at the preinfusion level. There
after a further increase in  NH,+ excretion  was accom panied b y  a marked 
elevation in  titratable acid ity . •

I t  is concluded th at a short-term  intravenous infusion o f  an amino 
acid m ixture exerts adverse effects on th e  acid-base balance o f  low-birth- 
w eight infants. V ery sm all prem ature infants, in  whom  im m aturity  and 
perinatal com plication often  interfere w ith  adaptation to  extrauterine life, 
are particularly endangered.

Solutions of synthetic amino acid 
m ixtures or protein hydrolysates have 
been used and recommended by dif
ferent authors for parenteral nutrition 
of neonates, older infants and children 
suffering from conditions in which oral 
feeding had to be avoided for a shorter 
or longer period of tim e [6, 7, 12, 14, 
15, 20]. Recently, some biochemical 
alterations have been reported to 
occur in prem ature infants receiving 
amino-acid-glucose solutions in tra 
venously as a source of nitrogen and 
calories [5, 8, 10, 11, 13, 19]. I t  has 
been recognized th a t the  infusion of 
such nutritive m ixtures causes bio
chemical complications such as hyper - 
ammonaemia, hyperosmolarity, amino

acid imbalance, acidosis etc., which 
m ay outweigh the beneficial effects of 
parenteral nutrition. Quite recently, 
Chan et al. [3, 4] have offered quanti
ta tive  information concerning net 
acid production and excretion in four 
1 to  2-week-old prem ature infants 
m aintained on intravenous nutrition; 
both casein hydrolysate and synthetic 
amino acid m ixture were found to in
duce acidosis.

Perinatal acidosis is well-known as 
the most im portant biochemical dis
order exerting various deleterious ef
fects on adaptation to  extrauterine 
life. This is particularly true  for pre
m ature infants weighing less than 
1500 g, in whom a m oderate or severe
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acidaem ia resulting from  different 
conditions (oxygen deficiency, diar
rhoea, infection, imm ature renal func
tion) is frequently encountered during 
th e  early  and late neonatal period. I t  
is these  newborn infants who often 
requ ire  parenteral feeding, and in 
whom  a  load of nonvolatile acids im
posed by  the infusion of an am ino acid 
m ix tu re  m ay cause a shift of th e  pH 
tow ards low values.

I t  was therefore thought of interest 
and  o f practical importance to  exam 
ine th e  acidifying effect of an  amino 
acid-monosaccharide m ixture in such 
sm all prem ature infants requiring 
in travenous nutrition in th e  early 
neonata l period. The present paper 
reports  on observations m ade in 
such infants.

M a t e r ia l  a n d  M e t h o d s

S ev en  low-birth-weight in fa n ts  after 
u n su ccessfu l attem pts at early oral feeding  
h a v e  b een  studied. Table I  sum m arizes 
their  c lin ica l data. Besides th e  acid-base  
param eters in their blood, acid in p u t and 
ex cre tio n  before, during and after a  16 — 28- 
hour period  of 3.3% A m inosol-g lucose  
(V itrum , Stockholm) infusion w as exam in
ed. D u rin g  the 12-hour control period  and 
after  th e  Am inosol-glucose adm inistration , 
a 10% glucose solution w as in fused . Two 
in fa n ts , w ho were acidotic on adm ission, 
rece iv ed  2.5 — 4 m E q per kg o f  sodium  
b icarb on ate.

U rin e  w as fractionally co llec ted  under 
to lu en e , and  the urine portions separately  
frozen  u n til analyzed. A rteria l blood  
sam p les were taken for determ ination  o f  
th e  acid -base status by  th e  equilibration  
m eth od  o f  A s t r u p  et al. [2]. U rinary  
titra ta b le  acid was m easured b y  the  
m eth od  o f  G y ő r y  et al. [9], am m onium  ex
cretion  b y  the technique o f  M cC u l l o u g h

[16], and bicarbonate by  determ ining the  
carbon d ioxide conten t o f  the urine using  
a m icrom ethod [17].

N e t acid excretion  wras obtained from  
the sum  o f urinary titratable acid (TA) 
plus am m onium  (NHjt) m inus bicarbonate  
( 11( 'Oy ). E ndogenous acid production was 
approxim ated a t 2 m E q per kg per day, a 
value assum ed b y  A l b e r t  and W in t e r s  
[1]. R ecen t quantitative data on endogen
ous acid production in prem ature infants  
[3] h ave confirm ed th is theoretical value. 
E xogenous acid  input w as calculated from  
the volum e o f  A m inosol-glucose infused, 
using th e  values for 14 mEq/1 titratab le  
acid ity  g iven  b y  W r e t l in d  [21].

R e su l t s

Outcome. Three of the seven pre
m ature infants died at the postnatal 
age of 72 to  86 hours. Two of them 
had severe apnoeic attacks before 
death. In traventricu lar and pulm o
nary haemorrhage were the  main 
pathological findings a t necropsy. One 
infant died of sepsis; necropsy reveal
ed haemorrhagic pneumonia and in 
traventricular haemorrhage. Four in 
fants had no severe neonatal compli
cations and survived.

Acid-base status. pH  and base ex
cess determ ined before and during 
Aminosol-glucose infusion are shown 
in Fig. 1. A preinfusion blood pH 
lower th an  7.20 occurred only in two 
prem ature infants, who therefore had 
received glucose-bicarbonate tre a t
ment before intravenous nutrition  
was started . In  the rem ainder, a 
normal acid-base status was observed 
prior to  Aminosol-glucose adm inis
tration.

Fig. 1 shows th a t during the  protein 
hydrolysate infusion pH  and base ex-
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T a b l e  I
Clinical data  o f the premature infants exam ined
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1 Premature rupture 3fi 1850 26 <10 Survived 167 28
of membranes,
Dysmaturity,
Vomiting

2 Premature rupture 34 1880 16 <10 Survived 129 28
of the mem-
branes, Asphyxia, 
Aspiration syn
drome, Dysmatu- 
-ity

3 Threatening 26 910 24 25 -  50 Died at Intra- 171 28
abortion an age ventricu-

of 82 lar hae-
hours morrhage

4 Placenta praevia, 28 1310 24 CO 75 Survived 99 28
Caesarian sec
tion, Asphyxia

5 Threatening abor- 28 1350 20 50- 75 Survived ___ 127 28
tion, Spontaneous 
delivery

6 Aspiration syn- — 1440 24 — Died at Intra- 105 16
drome, Sponta- an age ventricu-
neous delivery of 72 lar -}-

hours Pulrno-
nary hae
morrhage

7 Spontaneous de- 34 1340 22 < 10 Died at Haemor- 109 16
livery, Asphyxia, an age rhagic
Aspiration of 76 pneu-
syndrome hours monia

pH BE

.'-'inosol infusion Aminosol infusion

F i g . 1. ind iv idual and m ean values for p H  and base excess before and during Am inosol-
glucose infusion
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cess gradually  decreased, leading to a 
m oderate or severe metabolic acidosis. 
This acidifying effect was particularly 
pronounced in prem ature infants with 
a gesta tional age below 30 weeks and 
weighing less than 1500 g. A fter four 
hours of infusion, only two of the 
seven infants showed a fall in base ex
cess exceeding —2 mEq/1. D uring the 
fu rth e r course of infusion, however, a 
decrease in base excess had become 
evident in the m ajority of infants. By 
16 hours it dropped to  a mean of -10 
and  by  28 hours to 14. W hen blood pH 
had  decreased below 7.20, bicarbonate 
tre a tm e n t was prescribed. In  two in 
fan ts  who developed irregular b rea th 
ing an d  became depressed by 16 
hours o f parenteral nutrition, Amino
sol was discontinued and thereafter a 
glucose-bicarbonate m ixture was in 
fused.

N et acid balance. Using the  theo
re tica l factor of 2 m Eq/kg/day for

endogenous acid production, acid- 
balance was already found positive 
during the 12-hour control period 
with only glucose-water adm inistra
tion, indicative of a lack of a steady 
state . In  one infant, urinary acid ex
cretion was not examined prior to 
Aminosol-glucose infusion.

Table I I  presents the d a ta  for renal 
acid excretion, the calculated values 
for acid input (infused +  endogenous
ly produced acids) and the  net acid 
balance from all infants before, during 
and after the Aminosol-glucose in 
fusion. In  response to  the nutritive 
m ixture, the balance was found to 
have increased in every infant.

In  Fig. 2 it can be seen th a t  during 
intravenous nutrition mean urinary 
to ta l acid excretion and its two com
ponents TA and N H 4+ increased con
siderably, reflecting the large amount 
of acids infused and produced. After 
the protein hydrolysate infusion, net

T a b l e  I I  

B a l a n c e  d a t a  b e f o r e ,  d u r i n g

Before infusion During

No. TA
juE/kg/min

NH +
^E/kg/min

NH4 X  100 
NAE

NAE
/тЕ/kg/min

NAI
/xE/kg/min

Balance
jU.E/kg/min

TA
jUE/kg/min

NH +
^.E/kg/min

NH, X100
NAE

1 0 .0 1 1 0 0 .0 1 3 8 3 .1 7 0 .0 1 6 1 .3 8 8 1 .3 7 2 0 .2 6 1 0 .5 7 4 7 1 .9 2

2 0 .0 0 2 0 0 .0 1 2 9 3 .1 8 0 .0 1 3 1 .3 8 8 1 .3 7 5 0 .0 8 4 0 .3 0 2 8 7 .9 4

3 — — — . — — — 0 .6 0 2 0 .8 8 7 6 3 .4 8

4 0 .0 0 0 2 0.001 1 0 0 .7 4 0 .0 0 1 1 .3 8 8 1 .3 8 7 0 .2 0 8 0 .2 9 6 6 5 .5 1

5 0 .0 0 2 3 0 .0 1 4 9 4 .5 9 0 .0 1 5 1 .3 8 8 1 .371 0 .2 7 3 0 .1 8 2 4 1 .5 0

6 0 .0 0 0 9 0 .0 1 4 9 5 .7 7 0 .0 1 4 1 .3 8 8 1 .3 7 3 0 .2 1 2 0 .0 7 5 2 7 .8 3

7 0 .0 1 4 0 0 .0 7 3 1 0 4 .2 8 0 .0 7 0 1 .3 8 8 1 .3 1 8 0 .4 0 3 0 .2 5 3 3 9 .3 6

M e a n 0 .0 0 5 0 0.021 9 6 .2 8 0 .0 2 1 1 .3 8 8 1 .3 6 6 0 .2 9 2 0 .3 6 7 5 6 .7 9

R a n g e 0 . 0 0 0 2 - 0 .001  - 8 3 . 1 7 - 0 . 0 0 1 - 1 . 3 1 8 - 0 .0 8 4  - 0 . 0 7 5 - 2 7 . 8 3 -

0 .0 1 4 0 0 .073 1 0 6 .7 4 0 .0 1 6 1 .3 8 7 0 .6 0 2 0 .8 8 7 8 7 .9 4
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b e fo re  during  a f te r  b e fo re  d u r in g  a f t e r  before during  a f te r
i n f u s i o n  i n f u s i o n  i n f u s i o n

F ig . 2. Mean urinary titratable acidity. .YH + and  n et acid excretion rate before, during
and after infusion

acid excretion was still very high. In  
some of the infants, however, in a d 
dition to  the intravenous glucose in 
fusion, small feeds (2—5 ml cow’s milk 
formula) in two or three-hour in ter
vals were given during the second half 
of the postinfusion day. In  spite of 
this, the  high urinary net acid ex
cretion was still largely attributable 
to  the endogenous acids produced by

the  increased oxidation of amino acids 
reta ined  during intravenous nutrition.

Concerning the relative contribution 
of urinary  NTI^ and TA to to ta l acid 
excretion (Table II), in th e  fasting 
s ta te  hydrogen ions were m ostly ex
creted  in the form of N H 4+. During 
and  afte r Aminosol-glucose infusion, 
great individual variations were ob
served in the hydrogen ion excretion

and a fter A m inosol infusion

infusion After infusion

NAE
jxE/kg/min

NAI
/xE/kg/min

Balance
jU.E/kg/min

TA
jU-E/kg/min

NH,+
/xE/kg/min

NH4 X100 
NAE

NAE
/xE/kg/min

NAI
jaE/kg/min

Balance
jttE/kg/min

0 .7 8 9 3 .0 1 8 2 .2 1 9 0 .2 5 4 0 .7 3 7 7 5 .8 2 0 .9 7 2 1 .3 8 8 0 .4 1 6

0 .3 4 4 2 .7 5 4 2 .4 1 0 0 .0 8 9 0 .2 0 3 7 1 .6 9 0 .2 8 3 1 .3 8 8 1 .1 0 5

1 .3 9 7 3 .0 6 4 1 .6 6 7 0 .6 9 8 0 .7 5 6 5 6 .1 9 1.346 1 .3 8 8 0 .0 4 2

0 .4 5 2 2 .3 5 5 1 .9 0 4 0 .3 7 5 0 .1 8 2 3 3 .1 8 0 .5 4 8 1 .3 8 8 0 .8 4 0

0 .4 3 9 2 .4 7 3 2 .0 3 4 0 .2 1 9 0 .0 8 3 2 7 .9 4 0 .2 9 6 1 .3 8 8 1 .0 8 2

0 .2 6 8 2 .4 8 8 2 .2 2 0 — — — - — • -

0 .6 4 2 2 .4 2 1 1 .7 7 9 - - - - — -

0 .6 2 0 2 ,6 5 3 2 .0 3 3 0 .3 2 7 0 .3 9 2 5 2 .9 6 0 .6 8 9 1 .3 8 8 0 .6 9 7

0 .2 6 8 2 . 3 5 5 - 1 .667 0 .0 8 9  - 0 . 0 8 3 - 2 7 . 9 4 - 0 .2 8 3 0 . 0 4 2 -

1 .397 3 .0 6 4 2 .4 1 0 0 .6 9 8 0 .7 5 6 7 5 .8 2 1.346 1 .1 0 5
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p a tte rn . The proportion of NTI£  in the 
to ta l u rinary  acids decreased to a 
variable extent in all infants; in four 
prem atures it still exceeded 60 % of the 
to ta l, in three, however, TA was found 
to  be the  largest single component. 
The dynamics of these responses are

both components were achieved d u r
ing the  first 12-hour-collection period 
after Aminosol-glucose infusion.

The fractional balance values (Fig.
4) showed th a t the largest am ount of 
acid was retained during the  first 
four hours, when the response in net

before 0-4 hrs 4-16 hrs 16-28hrs 0-12hrs 12-24 hrs
infusion during infusion after infusion

F i g . 3. F ractional urinary excretion  o f titratable acid ity , N11+ and net acid excretion  
before, during and after A m inosol-glucose infusion

shown by  the mean fractional TA, 
X H 4̂ and net acid excretion rates ob
served during and after the  protein 
hydrolysate infusion (Fig. 3). During 
the first 4-hour-period of infusion, a 
nearly threefold increase occurred in 
the  N H ^  excretion rate , while urinary 
TA rem ained at the preinfusion level. 
Thereafter, however, a further rise in 

excretion was accompanied by a 
m arked elevation in TA, indicating 
th a t  th e  infants were capable of 
responding by both mechanisms of 
hydrogen ion excretion. The highest 
and nearly  equal excretion rates of

acid excretion was small in com
parison with the later collection 
periods during and after Aminosol- 
glucose adm inistration. Parallel to  the 
increasing net acid excretion ra te  the 
positive balance decreased, showing 
an ab ru p t fall after intravenous 
nutrition  had  been discontinued.

D iscussion

Recent reports on the biochemical 
effects of parenteral nutrition clearly 
show th a t  during the intravenous in 
fusion of protein hydrolysate or of a
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synthetic amino acid mixture, various 
metabolic complications m ay ensue 
[5, 8, 10, 11, 13, 19]. Small prem ature 
infants requiring early intravenous 
nutrition  after birth are particularly 
liable to  serious metabolic conse
quences such as hyperammonaemia,

m inistration of amino acids may 
rapidly lead to dangerous and toxic 
levels of different plasma constituents 

Acidaemia. The mechanism of acid 
aem ia induced by protein hydroly 
sates and synthetic amino acid mix 
tures has been studied by C h a n  et al

before 0-4 tirs 4-16hrs 16-28hrs 0-12 hrs 12-24 hrs
infusion during infusion after infusion

F ig . 4. Fractional acid balance values before, during and after A m inosol-glucose in
fusion

m arkedly increased urea-N level, hy
perosmolar ity, acidaemia and a highly 
unphysiological plasma free amino 
acid pa tte rn . Therefore, when sub
jecting small prem ature infants to 
parenteral nutrition, it should be 
realized th a t in addition to  the un 
desirable properties of amino acid 
m ixtures, the biochemical and physio
logical im m aturity of the newborn in
fants also contributes to the dis
tortions in blood biochemistry. Elim i
nation of the infused and endogenous
ly produced metabolites by metabolic 
processes and through the kidney is 
limited, and an uncontrolled ad-

[3, 4], and they have directed a tten 
tion  to  the marked acidifying effect 
of such nutritive m ixtures. These 
authors using the net acid balance 
technique provided quan tita tive  in
form ation on endogenous acid p ro
duction in 1 to 2 week-old infants 
m aintained on parenteral nutrition 
for 2 to  19 days. The present obser
vations performed on small prem ature 
infants have been aimed a t providing 
d a ta  on the acid-base disorder caused 
by short-term  Aminosol-glucose in 
fusion within the first th ree days of 
extrauterine life. Besides following 
the  param eters of the acid-base status,
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balance d a ta  before, during and  after 
infusion were also obtained.

The above data show th a t during 
the  firs t four hours of Aminosol- 
glucose infusion only in two infants 
did th e  fall in BE exceed 2 mEq/1. 
T hereafter, however, most of the in 
fants developed a m arked metabolic 
acidosis. I t  appears im portan t th a t 
individual differences were observed 
in th e  severity and ra te  of develop
m ent o f acidaemia. They p a rtly  re 
flected  the  difference in the  Aminosol- 
glucose infusion rate, and p a rtly  the 
difference in the capacity to  increase 
the  excretion rate of non-volatile and 
non-metabolizable acids.

U rinary H  excretion pattern. Con
cerning the  components of ne t acid 
excretion, both titra tab le  acidity  and 
N H  + excretion increased during in tra 
venous nutrition. Thus, in the  early 
neonatal period small p rem ature in 
fan ts were capable of responding to 
an am ino acid load by a sizable in
crease in H + excretion. The m agnitude 
and p a tte rn  of acid excretion, how
ever, showed individual variations 
pointing to  differences in the  response 
of rena l acidification. The proportion 
of N H j' of the to tal net acid excretion 
decreased, which was particularly 
m arked in infants weighing less than  
1500 g and suffering from  perinatal 
complications. In  these cases titra tab le  
acidity  constituted the  m ajor com
ponent of to tal urinary acids. Con
tra ry  to  these findings, Chan [3] 
observed a low excretion ra te  of 
titra ta b le  acidity in four 1 to  2-week 
old prem ature  infants fed parenterally 
w ith amino acid m ixtures, as com

pared w ith  the  data  for a 10-year old 
child. In  th e  present study, however, 
intravenous alimentation lasted only 
28 hours, and  therefore the conditions 
are not comparable with those applied 
by Chan  [3], and a prolonged adm in
istration of an amino acid m ixture 
must lead to  a different H + excretion 
pattern , th a n  a comparatively acute 
amino acid load. Furtherm ore, post
nata l age, im m aturity and perinatal 
complications may also modify the 
response of renal acidifying m echa
nisms and lead to a different H + ex 
cretion pattern .

Net acid balance. The excessive acid 
input, and the  limited renal capacity 
of handling this amount of non 
volatile acid had increased the positive 
acid balance before intravenous nu 
trition. According to the fractional 
balance da ta , the largest am ount of 
acid was retained during the first 4 
hours of infusion which, however, was 
not associated with a proportionate 
fall in base excess, what one should 
expect if in the neutralization of the 
retained acids only extracellular b u f
fers were involved. This discrepancy 
between th e  acid-base sta tus of the 
blood, and net acid balance observed 
during the  early period of Aminosol- 
glucose adm inistration, raises the  
question of the possible participation 
of intracellular buffers in com pensat
ing an excessive gain of acids. This 
possibility has already been m ention
ed by Chan  [3] who also observed a 
balance exceeding the changes in base 
excess.

In  the  m arked acidogenic effect, in 
addition to  the exogenous infusion,
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the endogenous production of acids 
m ust also have had a role. They 
have been quantitated  by Chan [3] 
who estim ated the  urinary excretion 
of sulphate. These investigations have 
shown th a t sulphuric acid production 
increased 4 to  14-fold during the in 
fusion of synthetic amino acids or of 
casein hydrolysate. A considerable in 
crement in endogenous acid p ro
duction from the metabolism of amino 
acids has already been suggested by 
our study on the contribution of the 
three main nutrients to energy me
tabolism [18]; it revealed th a t the 
participation of amino acid oxidation 
in to ta l heat production increases sub
stantially  in response to Aminosol- 
glucose.

C o n c l u s i o n s

The present examinations have 
clearly shown th a t even a short-term  
intravenous infusion of an amino acid
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