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Plasma hypoxanthine and xanthine levels in the 
early newborn period in problem-free preterm  

babies and those w ith idiopathic respiratory 
distress syndrome
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T he use of h y p o x a n th in e  m easu rem en ts  fo r q u a n ti ta t iv e  m o n ito rin g  
o f in tra u te r in e  a sp h y x ia  is  g en era lly  accep ted . A  h igh  level in  b lo o d  o r in 
C S F  is a  consequence o f tissu e  h y p o x ia . H y p o x an th in e  an d  x a n th in e  w ere 
m easu red  by  selective h ig h  p ressu re  liqu id  ch ro m a to g ra p h y  in  m a tu re  
n ew b o rn s, in  h ea lth y , sy m p to m -free  p re te rm  babies, an d  in  p re te rm  babies 
a ffec ted  b y  id iopa th ic  re s p ira to ry  d is tress  syndrom e. T he m easu rem en ts  
w ere  ca rried  o u t from  p e r ip h e ra l v en o u s b lood w ith in  th re e  h o u rs  a f te r  b ir th  
a n d  a t  th e  age of 48 — 72 h o u rs . I n  m a tu re  new borns th e  m ean  h y p o x a n th in e  
lev e l w as 11.10 jUmol/1 in  th e  ea rly  d e te rm in a tio n s , an d  8.45 /tm ol/l in  th e  
second  s e t of m easu rem en ts . I n  u n affec ted  p rem a tu re s  th e re  w ere s ig n ifican tly  
h ig h e r  levels, and  th e  h ig h e s t va lues (44 .22± 15 .13  /rmol/1) w ere en co u n te red  
in  p re m a tu re  bab ies su b s e q u e n tly  d y in g  of severe hy p o x ia . X a n th in e  show ed 
a  s im ila r  course. I n  a d d it io n  to  estab lish in g  n o rm al va lues fo r p re m a tu re s  we 
d es ired  to  clarify  th e  ch an g es  in  th e  levels of p u rin e  m e ta b o li te s  d u rin g  
id io p a th ic  re sp ira to ry  d is tre s s  an d  th e ir  p rognostic  va lue . H y p o x a n th in e  and  
x a n th in e  levels w ere fo u n d  to  be in fo rm a tiv e  in  p o s tn a ta l h y p o x ia , especia lly  
to g e th e r  w ith  o th e r p a ra m e te rs .

Catabolism of purine nucleotides 
is a complex process consisting of 
several steps. In man, the final me­
tabolite is uric acid arising by oxida­
tion of hypoxanthine and xanthine, 
a process catalyzed by xanthine oxi­
dase (Fig. 1). Metabolism of nucleic 
acids, purine containing coenzymes 
and nucleotides carrying high-energy 
phosphate bounds is channelled to this 
final step. The relationship of oxygen 
and energy carrying purine compounds 
has long been known. In hypoxia, 
characterized by anaerobic conditions, 
their synthesis is impaired and their 
breakdown is enhanced, ATP is used 
up [5]. Hypoxanthine, an intermedi­

ary product of purine catabolism, 
is regarded as a good indicator of the 
severity of hypoxia at all ages [12]. 
In neonatal hypoxia its level may be 
increased by two factors. First, ATP 
is used up at a dramatic speed, this 
leads to formation of ADP, AMP and 
hypoxanthine. Second, there is a 
direct action of the lack of oxygen; 
xanthine oxidase, converting hypo­
xanthine to xanthine and xanthine 
to uric acid, only works in the presence 
of oxygen. The enzyme сеазэз to 
function in hypoxia, thus resulting in 
an elevation of hypoxanthine and 
xanthine levels in tissues and body 
fluids [11].
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F ig 1. Breakdown of purine derivatives

Improvement in laboratory tech­
niques added hypoxanthine measure­
ment to the list of indicators of 
hypoxia; lactate, base deficit and pH 
measurements.

For exact measurement of purine 
metabolites, enzymatic, column chro­
matographic and oxygen electrode 
methods are available [13]; the meth­
od utilizing oxygen electrodes is the 
most exact one but its drawback is its 
inability to determine the individual 
metabolites separately, thus to distin­
guish between xanthine and hypo­
xanthine. High pressure liquid chro­
matography (HPLC) is now the 
method of choice, being suitable for 
separate determination of hypoxan­
thine and xanthine [2, 4, 6, 9, 10, 14].

HPLC was used for measuring the 
plasma hypoxanthine and xanthine 
levels in symptom-free premature 
babies and those affected by idio­
pathic respiratory distress. Mature 
healthy babies born by normal deliv­
ery after an uneventful pregnancy 
were chosen for a control group.

M a t e r i a l

H y p o x a n th in e  an d  x an th in e  d e te rm i­
n a tio n s  w ere  pe rfo rm ed  in  a ll b ab ie s  a d ­
m itte d  o t o u r  in ten s iv e  care  cen tre , w ith o u t 
a n y  se le c tio n  d u rin g  th e  s tu d y  p eriod . 
G e s ta tio n a l age w as d e te rm ined  on  th e  
b asis  o f o b s te tr ic a l d a ta  and  th e  m a tu r i ty  
score o f D u b o w itz . B ab ies e x h ib itin g  
in t ra u te r in e  g ro w th  re ta rd a t io n  w ith  c lin i­
cal sy m p to m s  of in ju ry  w ere excluded  
fro m  th e  s tu d y . T he d is tr ib u tio n  of n ew ­
b o rn s  acco rd in g  to  g e s ta tio n a l age and  
b ir th w e ig h t is show n in  F ig . 2; b ir th w e ig h t

F i g  2. D is tr ib u tio n  o f n ew b o rn s  according to  g e s ta tio n a l age an d  b ir th w e ig h t
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T a b l e  I

G roup ing  of new borns and  d is tr ib u tio n  o f p re m a tu re s  affected  
b y  id io p a th ic  re sp ira to ry  d is tre s s  sy n d ro m e , accord ing  to  

ou tcom e, m ean  g e s ta tio n a l age a n d  b ir th w e ig h t in  th e  v a rio u s g roups

T a b l e  I a

N ew borns s tu d ie d

Age at blood i
Within 3 hours 

after birth

sampling

48 -72 
hours

N um ber of cases 70 60

Mature newborns
n 15 15
gestational age, weeks 39 .3± 1 .0 39.3±1.0
birthw eight, g 2918±406 2918±406

Premature newborns 
H ealthy

n 24 24
gestational age, weeks 32.1 ± 2 .8 32.1 ± 2 .8
birthw eight, g 1444±397 1444 ±397

IR D S
n 31 21
gestational age, weeks 30 .6± 2 .7 31.4±2.8
birthw eight, g 1498±392 1616±399

n : n u m b e r of cases
m ean s a n d  s ta n d a rd  dev ia tions
IR D S : id io p a th ic  re sp ira to ry  d is tre s s  sy n d ro m e

T a b l e  I b

P re m a tu re s  a ffec ted  b y  IR D S

n gestational age, 
weeks Birthweight, g

All cases 31 30 .6± 2 .7 1498 ±392
Survivors 13 31 .5± 2 .2 1641 ±285
Died during the 
neonatal period

w ithin 72 hours 10 29.1 ± 1 .4 1252±243
between 4 — 7 days 8 31 .3± 3 .8 1576±558
together 18 30 .0± 2 .9 1396±432
dying of pulm onary
haem orrhage 11 30.1 ± 2 .9 1406 ±459

Sepsis score points
exceeding 10 14 30.0 ± 2 .3 1349 ± 354
died w ith in  72 hours
after b ir th 4 29 .8± 2 .9 1250 ±334
died w ithin 7 days
after b ir th 8 28 .6± 2 .4 1258 ±450

m eans and  standard  devations

n : n u m b e r of cases
IR D S  : id io p a th ic  re sp ira to ry  d is tre s s  sy n d ro m e
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w as b e tw e e n  th e  10th an d  90 th  p e rcen tile s  
in  a ll c a se s  [8].

T h e  sy m p to m -free  b ab ies  n eed ed  on ly  
c a re . T h e  b ab ie s  affected  b y  id io p a th ic  
r e s p i r a to r y  d is tress  synd rom e e x h ib ite d  
a ll c lin ic a l a n d  rad io log ical s igns o f th e  
c o n d it io n  a n d  needed re sp ira to ry  t r e a tm e n t  
a n d  c o r re c tio n  of acid -base im b a lan ce . 
I n  a ll  b a b ie s  w ho died  of IR D S , n ec ro p sy  
re v e a le d  th e  p resence of h y a lin e  m e m b ra n e  
a n d  a lv e o la r  h aem orrhages.

S in ce  th e  id io p a th ic  re s p ira to ry  d is tre ss  
s y n d ro m e  c a n  be s im u la ted  b y  sepsis, a  
sco re  fo r  estab lish in g  th e  p ro b a b il i ty  of 
s e v e re  in fe c tio n  w as used ; a  sco re  v a lu e  
e x c e e d in g  10 m ade sepsis h ig h ly  p ro b ab le  
[18 ]. R e s p ir a tio n  itself m ay  cau se  in fec tio n , 
th e r e fo re  th e  above-m en tioned  sco re  w as 
a p p lie d  s e v e ra l tim es d u rin g  IR D S  a n d  th e  
h ig h e s t  v a lu e  w as ta k e n  as  th e  in d ic a tio n  
fo r  th e r a p y  and  g roup ing . G ro u p in g , 
n u m b e r  o f cases, th e ir  g e s ta tio n a l age a n d  
b ir th w e ig h t  an d  th e  ou tcom e o f IR D S  a re  
sh o w n  in  T ab le  I . A u to p sy  co n firm e d  th e  
p r im a ry  p u lm o n a ry  changes re su ltin g  fro m  
im m a tu r i ty  lead ing  to  severe h y p o x ia  in  a ll 
f a t a l  cases .

T h e  b lo o d  sam ples w ere d ra w n  fro m  a  
p e r ip h e ra l  ve in . C lo tting  w as p re v e n te d  b y  
a d d it io n  o f one p a r t  of 3 .8%  so d iu m  c it ra te  
to  n in e  p a r t s  of blood. H y p o x a n th in e  a n d  
x a n th in e  w ere d e te rm ined  in  p la sm a .

Mkthod

H y p o x a n th in e  an d  x a n th in e  w ere  f i rs t  
e x t r a c te d  fro m  th e  p la sm a  [14]. A  doub le  
v o lu m e  o f ice-cold, fre sh ly  p re p a re d  10%  
tr ic h lo ro a c e tic  acid  (TCA) w as ad d e d  to

each  p la sm a  sam ple, th e  p re c ip ita te  w as 
rem o v ed  b y  c e n tr ifu g a tio n . T C A  w as 
rem o v ed  fro m  th e  s u p e rn a ta n t  b y  1.5 
v o lu m e of d ie th y le th e r  s a tu ra te d  w ith  
w a te r . T h e  aqueous p h ase  w as f ilte re d  
th ro u g h  a  0.5 /im  M illipore f i l te r  a n d  th e  
sam p le  w as s to red  a t  — 20°C. T h is  e x tr a c ­
t io n  p ro ced u re  could  be  c a rr ied  o u t  fro m  
sam p les  of 100 /Л.

T h e  m easu rem en ts  w ere c a rr ie d  o u t  in  a  
H e w le tt-P a c k a rd  1084/B ty p e H P L C  dev ice  
b y  th e  m e th o d  o f K h y m  a n d  S im m onds 
m o d ified  b y  ourselves [6, 14]. T he  co lu m n  
co n sis ted  of O D S-H ypersil, le n g th : 10 cm , 
m esh  size: 6 nm , p ressu re : 86 b a r , w o rk ing  
te m p e ra tu re :  30°C. T he  d e te c to r  w ith
v a ria b le  w av e len g th  se n s itiv ity  w as sen s i­
t iv e  to  u ltra v io le t lig h t, a  la m b d a max of 
255 n m  w as used  fo r h y p o x a n th in e  d e te r ­
m in a tio n , 270 n m  fo r x a n th in e . T h e  flow  
speed  w as 1 m l/m in u te . T he  e lu e n t w as 
0.01 mol/1 p o tassiu m  h y d ro g en  p h o sp h a te  
p H  6.3, co n ta in in g  1%  m e th a n o l. T h e  20 /tl 
sam p le  w as in jec ted  b y  a u to m a tic  in jec to r . 
Q u a n tita tiv e  d e te rm in a tio n  o f x a n th in e  
a n d  h y p o x a n th in e  w as ach iev ed  b y  e s ta b ­
lish ing  ca lib ra tio n  cu rves a n d  c o m p u te r  
e v a lu a tio n  of th e  a re a  below  th e  co rre sp o n d ­
in g  p e a k  in  th e  ch ro m a to g ram  (F ig . 3).

F o r  ca lib ra tio n , se ria l d ilu tio n s  of p la sm a  
h y p o x a n th in e  an d  x a n th in e  (S igm a) w ere 
u sed . F ro m  all a rtif ic ia l p la sm a  sam p les 
th e  w hole p rocedu re  in c lu d in g  e x tra c tio n , 
w as ca rr ied  o u t a n d  th e  a re a  below  th e  
c u rv e  w as m easu red  an d  ta k e n  as  th e  r e la ­
t iv e  u n it .  F igu re  3 illu s tra te s , in  a d d it io n  to  
th e  c a lib ra tio n  cu rves , a  c h ro m a to g ra m  
as w ell. T he low er lim it o f s e n s itiv ity  w as 
0.1 fim olfl o f h y p o x a n th in e  a n d  x a n th in e , 
re sp ec tiv e ly .

i

Added quantity  of hypoxanthine and xanthine, /jmol/l

F ia  3. H ig h  p re ssu re  liq u id  c h ro m a to g ra p h y  cu rve  of a  p la sm a  
e x tra c t an d  c a lib ra tio n  cu rv es  of h y p o x a n th in e  a n d  x a n th in e
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RESULTS

Figure 4 shows the plasma hypoxan­
thine level found in the newborns. 
W ithin three hours after birth the

n : Number of case s  m: p le ss  than  0.05 
ж : Mean мм : p le ss  than  0.01
ns: Not significant mmm: p le ss  th an  0.001

Fig 4. Plasma hypoxanthine levels of newborns within three hours after birth and
between 48 and 72 hours of life

n : Number of cases  м : p less than 0.05
X : Mean мм : p le ss  than  0.01
ns: Not sign ifican t m*m : p le ss  than  0.001

Fig 6. Plasma xanthine levels of newborns within three hours after birth and between
48 and 72 hours of life

Acta Paediatrica Hungarica 20, 1985

Since the determinations were carried 
out in citrated blood, real hypoxanthine 
and xanthine levels in plasma were cal­
culated as follows : real concentration =
measured concentration — х > г < \т \ "b A\  9( 1 rUV) /
where PCV meant packed cell volume.
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lowest values were encountered in 
mature healthy babies. A mean value 
nearly twice as high was obtained in 
premature babies free of symptoms 
or problems, while in premature neo­
nates affected by idiopathic respira­
tory distress syndrome the mean 
value was about three times higher 
than that of the mature babies. 
In prematures with IRDS dying 
subsequently of intractable hypoxia 
the mean was even higher, 34.57 
pmol/1.

In the 15 mature newborns, the 
mean value observed between 48 and 
72 hours after birth was significantly 
lower than the first mean value. 
In the premature babies, on the 
contrary, there was a slight increase 
instead of a decrease. An especially 
marked increase was seen in the 8 pre­
matures affected by IRDS in whom 
the 48 — 72 hour measurement could 
stillbe carried outbut of whom twodied 
thereafter: the mean value amount­
ed to 44.22 pmol/l. In some babies 
dying during the perinatal period, 
values as high as 100 /imol/1 were 
measured.

Similarly, both the values obtained 
within three hours and on the third 
day of life were higher i n the preterm 
than in the term newborns. The 
increase was even more pronounced 
in the babies affected by IRDS. 
Again, in the newborns dying subse­
quently, a considerable fall occurred 
by the third day compared to the 
three-hour value. In the whole mate­
rial, the lowest values were encoun­
tered in mature newborns on the third 
day of life while the highest values at

three hours after birth in premature 
neonates dying during the perinatal 
period. The extreme values were 
4.54 and 9.51 /imol/l, respectively 
(Fig 5).

D iscu ssio n

The key to perinatal adaptation is 
the baby’s cardiorespiratory function. 
Postnatally there are more possibili­
ties for diagnosis and treatment than 
immediately before birth, but estima­
tion of the severity of hypoxia is still 
difficult. Measurement of the hypo­
xanthine level has primarily been 
used for judging the degree of intra­
uterine asphyxia; its value was com­
pared to that of the Apgar score, 
blood lactate, blood pH, base deficit 
and individual asphyxia scores [1, 
15, 17]. It was found that plasma 
hypoxanthine had a complementary 
value in this series of tests [16]. 
The highest hypoxanthine levels in 
neonates delivered after intrauterine 
asphyxia were usually measured 20 
minutes after birth. The base deficit 
was highest at 30 minutes, the maxi­
mum of lactate during the first three 
hours. There is a strong correlation 
between the three parameters but 
none could be found between the 
blood pH and plasma hypoxanthine, 
probably because of the rapid changes 
in pC02 [15]. In intrauterine hypoxia 
the optimum time for plasma hypo­
xanthine determination is 10—20 min­
utes after delivery, but elevated 
values are still encountered three 
hours after birth [3]. If a single 
determination is carried out, the

Acta Paediatrica Hvvgarica 26, 1985



L Karmazsin, G Balia : Xanthine and hypoxanthine 7

hypoxanthine level may not be corre­
lated with the clinical features. This is 
due to the fact that the plasma 
hypoxanthine concentration is influ­
enced not only by hypoxia but also by 
other factors. Since hypoxanthine is 
electrically neutral, it seems very 
probable that it can escape from the 
hypoxic cells to the extracellular 
space by simple diffusion, hence it can 
easily reach the blood plasma. It 
appears in the plasma immediately 
after the hypoxic episode but this may 
be hindered by poor circulation. 
After birth there is a marked peripher­
al vasoconstriction in all newborns, 
even in mature babies, and this is 
especially pronounced in asphyxiated 
neonates. Under pathological condi­
tions the pump function of the heart 
is impaired and redistribution of the 
circulating blood occurs: perfusion of 
all organs but of the brain and the 
heart deteriorates. Hypoxanthine ap­
pears in the circulation of the arteries 
or veins available for blood sampling 
only when the peripheral circulation 
has improved and the bloodstream is 
able to wash out hypoxanthine from 
the tissue that had been hypoxic.

The primary determinant of an 
elevated hypoxanthine level is hypox­
ia, but its effect may be retarded by 
impaired heart function and disturbed 
microcirculation. Furthermore, the 
plasma hypoxanthine level can be 
altered by the volume of plasma and 
the she of the extracellular space. 
From the practical point of view it is 
important that no difference should 
occur between the arterial and venous 
hypoxanthine levels.

Timing of the first blood sampling 
within three hours after birth has been 
chosen on the basis of the dynamics of 
hypoxanthine levels. In addition to 
clarify the severity of perinatal and 
very early postnatal hypoxia, we 
also wanted to establish the range 
of basal values for healthy premature 
babies. To see the course of hypoxan­
thine and xanthine levels, they were 
measured in mature newborns, in 
prematures without problems and in 
prematures affected by IRDS, 48 — 72 
hours after birth. Determinations in 
the healthy mature babies had the 
purpose of obtaining normal values 
of our own.

The normal values for hypoxanthine 
and xanthine obtained in this study 
fell within the upper third of the 
range described in the literature. 
In some instances we compared the 
hypoxanthine and xanthine levels 
determined by an oxygen electrode 
or by high pressure liquid chromatog­
raphy; the results are shown in 
Table II. It can be seen that the ranges 
obtained by the two methods were 
similar but the individual values of 
the two different determinations did 
not coincide. We think that the uni­
formity of the method throughout 
our present study has contributed 
to the reliability of our findings.

The lowest early values were found 
in healthy mature babies. The values 
then decreased by the third day of life. 
This indicates that a certain degree of 
hypoxia occurs even during normal 
delivery but is soon abolished after 
birth, consequently the blood level 
of the purine derivatives is normalized

Acta Paediatrica Hungarica 26, 1085
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T a b l e  I I
N o rm a l p la sm a  hy p o x an th in e  a n d  x a n th in e  co n cen tra tio n s  o b ta in e d  b y  v a rio u s  a u th o rs

Author Method Site of blood 
sampling Compound Mean ± SD 

]umol/l Range

Saugastad [12] p 0 2electrode cord hypoxanthine 5.8 ±3.0 0 -1 1
Lipp- Z wählen

[7] p02 electrode umbilical artery hypoxanthine 16.1 ±5.7 — 26
p 0 2 electrode umbilical vein hypoxanthine 14.4±4.7 **9-24

Bratteby [3] p0 2 electrode umbilical artery hypoxanthine 11.9 - 0-23 .8
p 0 2 electrode umbilical vein hypoxanthine 9.0 1.4-18.9

Thiringer [16] p 0 2 electrode cord hypoxanthine 5.7 ±5.8 0-18.3
O’Connor [11] p 0 2 electrode cord hypoxanthine 5.1 1-14.0
Swanström [15] p02 electrode umbilical artery hypoxanthine 7.7 ±5.9 —
Simonds [14] HPLC adult blood hypoxanthine 2.04±0.6 —

xanthine 0.61 ±0.21 —
Boulieu [2] HPLC adult blood hypoxanthine 3.2 —

xanthine 2.0 —

when circulation and respiration have 
become fully adapted. The significant­
ly higher value observed in healthy 
prematures three hours after birth can 
be explained by their slightly impaired 
cardiorespiratory adaptation causing 
a somewhat protracted transitory 
hypoxia in the tissues. But in these 
babies, too, the hypoxanthine level 
fell by the third day of life, pointing 
to an improved cellular respiration. 
Thus, hypoxanthine estimations have 
proved here a useful laboratory mark­
er of adaptation.

In the case of prematures suffering 
from IRDS, the relative role of intra­
uterine asphyxia, immaturity and 
postnatal respiratory distress in caus­
ing high hypoxanthine levels can 
hardly be established, but the high 
value itself shows that the persisting 
respiratoryfailure maintains a hypox­
ia. Successful respiratory treatment, 
restoration of the circulation and

correction of the imbalance of acid- 
base equilibrium result in a fall in the 
plasma hypoxanthine level, as it has 
been observed in out survivors of 
IRDS, and the contrary could be seen 
in the group of prematures who 
subsequently have died. If attempts 
to restore cardiorespiratory functions 
fail, the hypoxanthine level inexorably 
increases, showing the persistence of 
severe energetical disturbances at the 
cellular level. In this group the xan­
thine level was comparatively low. It 
appears that as a consequence of 
hypoxia, the failure of xanthine oxi­
dase function prevents normal catalysis 
of the conversion of hypoxanthine 
to xanthine and thus the xanthine 
level falls in spite of extremely high 
hypoxanthine concentrations.

Our results suggest that plasma 
hypoxanthine and xanthine are good 
indicators not only of intrauterine 
asphyxia but also of postnatal adap-

Acta Paediatrica Hungarica 26, 1985
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tation and that they even have a 
prognostic value. These data show 
that the pathogenesis of IRDS is 
complex and its therapy must be 
aimed at improving cardiorespiratory 
function, microcirculation and cell 
metabolism.
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