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The effect of birth asphyxia on plasma free 
amino acids in preterm  newborn infants
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The postnatal accumulation of glu
coneogenic amino acids [7, 12], lac
tate and pyruvate [7] in the plasma of 
hypoglycaemic SGA newborn infants 
strongly suggests a decreased capacity 
of hepatic glucose synthesis, leading 
to a reduced uptake of the glucose 
precursors by the liver. In addition to 
reduced disposal, an increased pro
duction or release of amino acids can 
also contribute to the hyperamino- 
acidaemia associated with hypogly- 
caemia. This particularly applies to 
alanine, the most prominent glucose 
precursor among the amino acids.

It is well-known that besides con
version to lactate, transamination of 
pyruvate to alanine is the alternate

pathway of pyruvate disposal and is 
the key metabolic process of. the 
glucose-alanine cycle [5]. It seems 
therefore reasonable to suppose that 
under conditions associated with pyr
uvate accumulation in the muscles, e.g. 
hypoxia, an increased production of 
alanine can be a major mechanism 
in the development of hyperamino- 
acidaemia. In view of this possibility 
and the frequent occurrence of birth 
asphyxia in severe intrauterine mal
nutrition, the plasma amino acid 
pattern has been studied in neonates 
suffering from moderate or severe birth 
asphyxia. It appeared interesting to 
establish whether or not a correlation 
existed between the asphyxia-induced
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The postnatal plasm a am ino acid pattern was compared in  16 asp h yx i
ated and 13 non-asphyxiated preterm  newborn infants. The la c tic  aci
dosis induced by  asphyxia w as associated w ith a marked rise in  th e  total 
am ino acid content o f the plasm a. A m ong the 17 individual am ino acids 
determ ined the concentrations o f  alanine, proline, taurine, glutam ate, 
valine, m ethionine and lysine were significantly elevated. T he accum ula
tion  o f  alanine was particularly marked and its concentration show ed a 
significant linear correlation w ith  th at o f lactate ( p < 0.001). A  similar 
relationship was observed betw een  other potentially  glucogenic amino 
acids and lactate. It is suggested th at an impaired gluconeogenesis m ay  
be responsible for the accum ulation o f glucogenic amino acids. T he re
sponse o f the plasm a am inogram  to  asphyxia resembles th a t associated  
w ith hypoglycaem ia in the sm all-for-gestational-age infant, w here a delay  
in the m aturation o f  key gluconeogenic enzym es seem s to accou n t for the 
reduced hepatic disposal o f  glucose precursors.



124 К . Schultz et al.: Asphyxia and amino acids

lactic acidosis and the postnatal 
changes of plasma amino acids. To 
exclude the effect of intrauterine 
undernutrition on the plasma ami- 
nogram, only appropriate for gesta
tional age preterm infants have been 
included in the study.

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

Tw o groups o f preterm  newborn infants 
appropriate for gesta tion a l age (AGA) 
were studied: 13 non-asphyxiated  and 16 
asphyxiated  infants. M ean birth weight, 
gestational age, postn ata l age and ranges 
are shown in Table I. A ll in fants had a 
birth w eigh t betw een th e  ten th  and nine
tie th  percentile on our loca l intrauterine 
grow th chart. A ll o f  th e  non-asphyxiated  
in fants were delivered vaginally  after 
uncom plicated  pregnancy and had an 
A pgar score higher th an  7 a t one m inute.

Two o f  the asphyxiated  infants were 
delivered by  Caesarean section  and five  
after d ifficu lt breech presentation . Infants 
included in this group had an A pgar score 
low er than  7 at birth, and w ere, after 
b ein g  resuscitated in th e  delivery room,

adm itted  to  th e  neonatal referral centre  
for further observation and treatm ent. 
P ertinent d ata  regarding pregnancies, d e liv 
eries and in fan ts in the asphyxiated  group  
are show n in  Table II . E leven  severely  
asphyxiated  infants died betw een 1 to  3 
days o f  age; necropsy revealed m assive  
intracranial haemorrhage in all o f them .

B lood  w as drawn by puncture o f  th e  
antecubital or cephalic vein at the tim e  
o f adm ission , 1 —12 hours after birth, 
before the first feeding. Glucose and la c 
tate  concentrations were determ ined b y  
the orthotolu id ine m ethod o f  P rice [15] 
and b y  th e  m ethod  reported b y  H uckabee  
[9]. Specim ens o f heparinized venous  
blood were prom ptly centrifuged and the  
plasm a w as deproteinized b y  addition  o f  
four vo lum es o f 5% sulphosalicylic acid . 
The protein-free supernatant w as im m edi
ately  frozen and stored a t —20°C u n til 
assayed.

A m ino acid  analysis was performed b y  
an au tom atic  Beckm an M ultichrom L iquid  
Column Chromatograph using norleucine  
as an internal reference standard. The 
levels o f  17 am ino acids were quantitated .

R egression  equations were calculated  
by th e  m ethod  o f least squares. D ifferences  
betw een  group averages were com pared b y  
the standard t test.

T a ble  I

Mean gestational age, postnatal age and birth weight in the 
two groups of infants*

N o n -a sp h y x ia te d  
p re te rm  in fa n ts

A sp h y x ia te d  
p re te rm  in fa n ts

Gestational age (wk) 32.7 31.1
(2 9 -3 5 ) (2 8 -3 4 )

Birth weight (g) 1772 1501
(1250-2450) (800-1970)

Postnatal age (hr) 8.3 3.6
(3 -1 2 ) (1 -7 )

Number of infants 13 16

* Ranges for age and weight are in parentheses.
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T a b l e  II
Clinical data of 16 preterm infants with birth asphyxia

Infant

Pregnancy, labor and delivery

Apgar score pH
ion ad-

G esta
tional

B irth
weight

(g)
Outcome Necropsy

No Sex a t
1 min

a t
ö min

mis
sion)

age
(wk)

1 M Cholestasis during pregnancy, breech delivery 1 3 fi.97 30 1680 Died Meningeal haemorrhage. 
HMD

2 M Toxemic pregnancy, meconium stained amn. fluid 4 8 7.27 32 1880 Died Ventricular haemorrhage
3 M Uneventful pregnancy, spontaneous delivery 6 10 7.27 33 1970 Survived
4 F Twin pregnancy, spontaneous delivery 1 3 7.14 30 1250 Died Periventricular haemor

rhage. HMD
5 F Twin pregnancy, spontaneous delivery 5 3 7.12 30 1350 Died Meningeal haemorrhage. 

HMD
6 F Transverse presentation, difficult breech delivery 6 10 7.30 32 1840 Survived -
7 M Uneventful pregnancy, spontaneous delivery 5 9 7.37 29 1240 Died Meningeal haemorrhage.
8 M Twin pregnancy, breech delivery, traction 2 9 7.12 30 1280 Died Meningeal haemorrhage. 

HMD
9 M Uneventful pregnancy, spontaneous delivery 4 6 7.09 31 1320 Died Ventricular haemorrhage. 

Pulmonary haemor
rhage. Epidural haem
orrhage. HMD

10 F Uneventful pregnancy, spontaneous delivery 6 8 7.20 31 1630 Died Ventricular haemorrhage. 
HMD

11 M Uneventful pregnancy, breech delivery 6 8 7.04 28 1080 Died Meningeal haemorrhage.
12 F Uneventful pregnancy, breech delivery 5 8 7.34 31 1500 Died Pulmonary atelectasis. 

HMD
13 M Breech presentation, cesarean section 2 * 7.25 - 1550 Survived -
14 M Early separation of the placenta, cesarean section 1 7 7.33 34 1850 Survived -
15 F Uneventful pregnancy, spontaneous delivery 6 10 7.30 34 é 800 Survived -
16 M Uneventful pregnancy, spontaneous delivery 5 7 7.18 — 800 Died

1

Meningeal haemorrhage
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R e s u l t s

"I ? г

As Table III shows, the mean blood 
lactate concentration and the com
bined concentration of 17 amino acids 
were significantly higher in the asphy
xiated AGA preterm newborn infants 
(3.38 ±  0.28 vs. 1.92 ±  0.09 mmol- 
es/1 and 2713 ±  82 vs. 2081 ±  91 
pmoles/1; p <0.001). Mean blood 
glucose concentration was higher 
in the asphyxiated than in the non- 
asphyxiated group, but the differ
ence was not significant statistic
ally. I t should be noted that 9 of 
the asphyxiated infants received 10 %

glucose and bicarbonate infusion 
before admission to the neonatal 
unit.

The plasma concentrations of 17 
individual amino acids in the two 
groups of infants are shown in Table 
IV. In newborns suffering from birth 
asphyxia the plasma concentrations of 
alanine, proline, taurine, glutamate, 
valine, lysine and methionine were 
significantly elevated. If the concentra
tions of the glucogenic proline, valine, 
lysine obtained in both groups, were 
related to alanine (Fig. 1), their ele
vation in the plasma turned out to be 
closely related.

Proline pM/l Glycine pM/l

Valine >JM/l Lysine yjM/l

F i g . 1. Plasm a glycine, proline, valine and lysine* concentrations in  16 asphyxiated  
(c losed  circles) and 13 non-asphyxiated  (open circles) preterm  newborn infants, related  
to  p lasm a alanine concentrations.

Alanine vs. g lycin e , y  =  140.1 -f- 0 .6 9 X , r =  0.564 p < 0 .0 1
Alanine vs. proline, y  = - 150.4 +  0.93 X , r =  0.594 p < 0 .0 0 1
Alanine vs. va line, y  — 14.3 +  1 .94X , г =  0.949 pcO.OOl
Alanine vs. ly sin e , у  =  177.6 +  0 .5 7 X , г =  0.687 p < 0 .0 1

*10 m easurem ents neglected  in  statistical analysis because o f poor resolution of peaks.
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T able I I I

Mean total plasm a am ino acid, blood glucose and blood lactate  concentration

M e a n  (  ±  S E )  t o t a l  
p l a s m a  a m in o  a c id  

c o n c e n t r a t i o n  
цЖ

M e a n  ( ±  S E )  b lo o d  
l a c t a t e  c o n c e n t r a t i o n  

m M

M e a n  ( ±  S E )  b lo o d  
g lu c o s e  c o n c e n t r a t io n *  

(m g /1 0 0  m l)

Non-asphyxiated preterm 2081 ±  91 1.96 ±  0.09 62.8 ±  5.7

infants (n =  13)
j

Asphyxiated 2713 ±  82 3.38 ±  0.29 72.4 ±  12.6

preterm infants (n =  16)

p value p <  0.001, p <  0.001 -

* N ine infants received glucose infusion prior to  admission.

Table IV
Plasma concentration (/iM +SE ) of 17 amino acids in the 

two groups of newborn infants

A m in o  a c id N  o n - a s p h y x ia te d  
p r e t e r m  i n f a n t s

A s p h y x ia te d  
p r e t e r m  in f a n t s

Taurine 262± 13 315±18+ +
Aspartate 4 6 ± 5 40 ± 3
Glutamate 48 ± 3 6 8 ± 7  +
Citrulline 2 6 ± 2 2 6 ± 2
Proline 175±14 237 ± 1 7  + +

Glycine 286 ± 2 4 308±21
Alanine 267 ± 1 9 409±20+ + +
Cystine 122 ± 2 4 140± 13
Valine 166±8 2 1 0 ± 1 3 + +
Methionine 22 ± 3 3 1 ± 3  +
Isoleucine 47 ± 4 6 6 ± 6
Leucine 98 ± 8 122± 12

Tyrosine 141 ± 1 7 117±8
Phenylalanine 107±9 128±10
Lysine 179±21 368±27 + +
Histidine 5 2 ±  10 74 ± 8
Arginine 5 7 ± 8 76 ± 6

+ pcO .05  
+ + pcO.Ol
+ + + p <  0 . 0 0 1
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Blood lactate mM/l

F i g . 2. R egression ana ly s is o f  a la n in e  vs. lac ta te , p ro lin e  vs. la c ta te , valine vs. la c ta te  
a n d  ly s in e*  vs. la c ta te  c o n c e n tra tio n s  in the f irs t tw e lv e  h o u rs  o f  life in  15 asp h y x ia ted  
(c lo sed  circles) and  8 n o n -a s p h y x ia te d  (open circles) p re te rm  new born  in fan ts .

A lanine vs. la c ta te ,  y  =  167.4+65.29 X , r  =  0.752 pcO .O O l
Proline vs. la c ta te ,  y  =  122.6+34.25 X , г  =  0.593 p < 0 .0 1
Valine vs. la c ta te ,  у  =  131.6+  19.59 X , r  =  0.437 p < 0 .0 5
Lysine vs. la c ta te ,  у  =  20 .3+ 94 .32  x , r  =  0.798 p c O .O l

* 10 m easu rem en ts  n eg lec ted  in  s ta tis t ic a l  analysis b ecau se  o f  poor reso lu tion  o f  peaks.

In Fig. 2, plasma alanine, proline, 
valine and lysine values are plotted 
against blood lactate concentrations. 
A significant positive linear correla
tion was observed between blood 
lactate and the four glucogenic amino 
acids (alanine vs. lactate, r =  0.752, 
p < 0 .0 0 1 ; proline vs. lactate, r.=  
0.593, p <0.01; valine vs. lactate, 
r =  0.437, p <  0.05; lysine vs. lac

tate, r =  0.798, p <  0.01). Even in
dividual observations point towards 
a close relationship between alanine 
and lactate levels. The relevant data 
of a pair of twins, with different 
degrees of birth asphyxia are shown 
in Table V. As it can be seen, plasma 
alanine and blood lactate concentra
tions were much higher in the severely 
asphyxiated twin A.

T a b l e  V

Blood lactate and plasma alanine levels in asphyxiated twins

B i r th  w e ig h t
Ö?)

G e s t a t i o n a l  
a g e  ( w k )

P o s tn a t a l  
a g e  ( h r )

A p g a r  s c o re  
a t  1 m in

L a c ta t e
m U

A la n in e
juM

T w in  A 1250 30 3 l 4.37 392

T w in  В 1350 30 3 5 2.08 296
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D i s c u s s i o n

The results allowed to conclude 
that lactic acidosis due to birth 
asphyxia was associated with hyper- 
aminoacidaemia. This is in agreement 
with the observation made in human 
adults suffering from circulatory fail
ure or idiopathic lactic acidosis without 
evidence of poor tissue oxygenation 
[11]. The changes in plasma amino 
acid pattern were also similar as those 
obtained in adults. Among the 17 
amino acids determined, the increase 
of alanine concentration was partic
ularly marked and accounted for a 
portion of the total increment in the 
plasma amino acid content.

i t  appears reasonable to assume 
that an increasing amount of alanine 
is produced in lactic acidosis caused 
by asphyxia, which leads to an imbal
ance between release from the muscle 
and uptake by the liver. The close 
correlation between pyruvate and ala
nine concentration found under dif
ferent conditions [6, 11] on the one 
hand, and the significant correlation 
between lactate and alanine level 
observed in the present study, on the 
other hand, support the contention 
that an increased availability of pyruv
ate may result not only in increased 
lactate production but also in increas
ed conversion of pyruvate to alanine 
catalyzed by alanine aminotrans
ferase.

Since the plasma concentrations of 
other amino acids were also found to 
be elevated, and the elevation of 
certain glucogenic amino acids were 
closely related to that of alanine,

mechanisms other than increased pro
duction and release must also be 
considered in the mechanism of hyper- 
aminoacidaemia associated with birth 
asphyxia. On the basis of some ex
perimental studies [2, 3, 10, 11, 13, 17, 
18] it may be assumed that a failure 
of amino acid removal, due to the 
impaired hepatic gluconeogenesis can 
be an additional mechanism which 
contributes to amino acid accumula
tion in the plasma. This assumption is 
supported by studies in adult rats, 
according to which hypoxia causes a 
marked inhibition of gluconeogenesis
[1]. Observations in newborn rats 
[1, 8, 14] also point toward the impor
tance of oxygenation in the establish
ment of hepatic glucose synthesis 
after birth. Even the increased lactate 
and pyruvate concentration can be 
partly responsible for the reduced 
hepatic utilization of glucogenic amino 
acids. In the isolated perfused rat 
liver Marliss et al. [11] have shown 
that when lactate and pyruvate con
centrations were increased in the 
perfusate, uptake of alanine and its 
conversion to glucose decreased.

Another aspect of the possible im
pairment of gluconeogenesis associ
ated with hyperlactataemia, induced 
by asphyxia, is the inhibitory effect 
of the low cellular pH. According to 
rat liver perfusion studies [3, 4, 10], 
lactate consumption decreases when 
intracellular H + concentration in
creases . This might also apply to the he
patic utilization of amino acids. Fur
thermore, examinations in vitro have 
shown that the activity of pyruvate 
carboxylase, an important enzyme in

3 Acta Paediatrica Academiae Scientiarum Hungaricae 18, 1977
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hepatic glucose synthesis, is highly pH 
dependent [16, 17].

Finally, the quantitative and quali
tative plasma amino acid profile ob
served in birth asphyxia resembles 
that associated with hypoglycaemia 
in the small-for-gestational-age new
born infant [7, 12]. In such babies a 
delay in the maturation of key enzy
mes appears to be an important factor 
in the reduced removal rate of glucose 
precursors. In view of the similar 
responses in the circulating free amino 
acid pool in hypoxia and hypoglycae
mia and the frequent occurrence of 
perinatal asphyxia in severely mal
nourished newborn infants, it is con
ceivable that a transient or lasting 
tissue hypoxia might aggravate the 
metabolic consequences of hypogly
caemia.
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