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Summary: The concentrations of the nucleotides AMP and IMP, the nucleosides adenosine, guanosine and
inosine, the purine bases adenine, guanine, hypoxanthine and xanthine, urate, and the pyrimidine bases
cytosine, thymine and uracil were determined by high performance liquid chromatography in the cerebrospinal
fluid of 63 children aged between 1 month and 13 years who showed no sign of neurological disease. The
results are compared with those of other authors, and used to establish reference ranges for the above
metabolites in the cerebrospinal fluid of children.

Introduction

Determination of the concentrations of certain ATP
metabolites in cerebrospinal fluid (CSF) has proved
to be diagnostically useful in a number of neurological
disorders involving neuronal hypoxia and possible
cerebral lesions (1 — 5). Among these metabolites, hy-
poxanthine and xanthine are recognized markers of
neuronal hypoxia (3, 4, 6), while adenosine has been
mentioned as an important modulator of neuron func-
tion and cerebral blood flow (7 — 9). These circum-
stances make it desirable to establish reference ranges
for each of these substances, but for obvious ethical
reasons this cannot be done by taking samples of CSF
from normal children, which is no doubt why the
literature in this area is scant and based on very few
subjects (1, 3, 5, 10-12); although Gerrits et al. (12)
reported reference ranges for children and adolescents
aged 3 days to 18 years, their sample included no
children between the ages of 12 and 36 months.

To establish reference ranges for children, we have
determined the concentrations of AMP, IMP, inosine,
adenosine, guanosine, adenine, guanine, hypoxan-
thine, xanthine, urate, cytosine, thymine and uracil in
cerebrospinal fluid by high performance liquid chro-
matography (HPLC).

Materials and Methods

The initial sample consisted of children admitted to the Casualty
Service with febrile processes or signs requiring lumbar punc-
ture for investigation of the possibility of meningitis or other
neurological pathologies; in general, the paediatricians attend-
ing them were unaware of other purposes to which the CSF
samples were to be put. Children who in the following days
developed further signs or symptoms of neurological disease
were excluded from the final sample of 63 (40 boys and 23 girls
aged between 1 month and 13 years), whose final diagnoses are
listed in table 1.

The CSF samples were sent immediately to the Central Labo-
ratory, where a 0.5 ml subsample was stored at —20 °C pending
Chromatographie analysis and the remainder (1—2 ml) was
used for conventional determination of proteins and cells. All
samples with macro- or microscopic signs of contamination by
blood were discarded.

The high performance liquid Chromatograph consisted of a
Beckman 126 double pump with a high-pressure dynamic mixer,
a Merck-Hitachi 655A-40 automatic sample injector and a
Beckman 168 visible-ultraviolet diode spectrophotometer, all
under the control of a computer running Beckman "System
Gold" software. Solvents were degassed in a Bransonic ultra-
sound bath.

Chromatography (3) was performed on a Beckman Ultrasphere
ODS reverse-phase column, using a gradient of HPLC grade
methanol in 20 mmol/1 analysis grade monopotassium phos-
phate buffer, pH 6.2; the solvents were filtrered through 0.45
μηι pores. The methanol volume fraction was increased from
0.01 to 0.25 over 16 minutes, returning to its initial value in 2
minutes; the flow rate was 1 ml/min. Samples (50 μΐ) were
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Tab. 1. Diagnoses of the patients studied. Tab. 2. Clinical and conventional analytical data.

Diagnosis

Viral infection
Tonsillitis
Pneumonia
Otitis
Urinary infection
Bacteriaemia
No pathology
Others (sinusitis, rash,

salmonellosis, varicella,
arthritis, cephalea)

No. of
cases

24
14
8
7
2
2
1
6

%

37.5
21.8
12.5
10.9
3.1
3.1
1.5
9.4

injected every 25 minutes; after every 15 successive injections,
standards of the substances being determined were run to check
calibration drift and the integrity of the column. Absorbance
was monitored at 250 and 280 nm.

Substances were identified by

1) comparison of their retention times with those of pure stand-
ards;

2) their absorption spectra in the range 190 — 320 nm; and

3) comparison of the chromatograms recorded before and after
treatment with uricase, adenosine deaminase or myokinase
(the peaks eliminated correspond to urate, adenosine and
AMP respectively).

Proteins were determined in Technicon RA-1000 by the com-
mon turbidimetric procedure, using trichloroacetic and sul-
phosalicylic acids.

Statistical analysis

Descriptive statistics are given as mean ± standard deviation
for normally distributed variables and as median (range) for
non-normally distributed variables. The 5th and 95th percen-
tiles were calculated for each variable. To investigate the cor-
relation between possibly related variables, least-squares linear
regression analysis was performed (for normally distributed
variables).

Results

The patients' ages ranged from 1 month to 160
months (over 13 years), with a median of 36 months

Age (months)
Temperature (°C)

Cells (103/1)
Proteins (g/1)

Mean Stan-
dard
devia-
tion

- -

0.21 0.06

Median

36
38.5

2
0.20

Range

1 -
36.9 -

1 -
0.06-

160
40

12
0.36

(tab. 2). Fifteen patients were aged under 12 months,
10 between 12 and 24 months, 5 between 24 and 36
months, 6 between 36 and 48 months, 7 between 48
and 60 months, and the remaining 20 patients over
60 months. Data for patient temperature, cell count
and protein concentration in cerebrospinal fluid, and
leukocyte count in peripheral blood are listed in table
2. There were no significant differences in temperature
between different age groups or diagnosis groups.

Table 3 lists the observed concentrations of nucleo-
tides, nucleosides, purine bases and urate in the pa-
tients' cerebrospinal fluid. There was no significant
correlation between AMP, IMP, inosine, guanosine,
adenosine, adenine, guanine, hypoxanthine or urate
concentrations and age, axillary temperature, cell
count, protein concentration or peripheral leukocyte
count, nor any significant association with particular
diagnoses. CSF xanthine exhibited the following sig-
nificant negative correlation with age: Xanthine
(μιηοΐ/ΐ) = 3.01 - 0.012 χ Age (months) (ρ < 0.001,
r = —0.46). The number of cases with concentrations
below the detection limit of the HPLC method em-
ployed was one (1.58%) for AMP, 7 (11.1%) for
adenosine, 12 (19.04%) for guanosine and adenine,
and 9 (14.3%) for guanine.

Table 4 summarizes the data for pyrimidine bases in
CSF. None of these bases was significantly correlated
with age, axillary temperature, cell count, protein

Tab. 3. Concentrations of nucleotides, nucleosides, purine bases and urate in CSF (μηιοΐ/ΐ).

Mean SD Median Range

AMP
IMP

Inosine
Adenosine
Guanosine

Adenine
Guanine

Hypoxanthine
Xanthine

Urate

1.69

0.64

3.92
2.40

10.12

0.76

0.35

1.58
1.10

5.01

1.60
3.78

0.61
0.15
0.13

0.19
0.50

3.54
2.27

9.02

0.00- 4.32
0.51-12.06

0.12- 1.57
0.00- 9.20
0.00- 0.57

0.06- 2.40
0.00-15.71

1.44- 8.66
0.66- 6.06

2.42-22.23

0.76- 2.93
1.03- 8.86

0.19- 1.24
0.00- 8.30
0.03- 0.36

0.06- 1.19
0.00-12.04

1.75- 6.84
1.00- 4.64

2.94-18.83
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Tab. 4. Concentrations of pyrimidine bases in CSF (μπιοΐ/ΐ).

Median Range P5—P95

Cytosine
Thymine
Uracil

0.75
0.28
0.58

0 -10.33
0 - 2.95
0.14- 4.09

0.00-6.24
0.00-2.24
0.14-1.30

concentration or peripheral leukocyte count, nor sig-
nificantly associated with any particular diagnoses.
The number of patients with concentrations below
the detection limit of the HPLC method employed
was 5 (7.9%) for cytosine and 16 (25.4%) for thymine.

Discussion

The determination of reference intervals for the me-
tabolites studied in this work was necessary because
published research in this area has been scant and
incomplete (3, 10, 12). In fact, we are only aware of
one study of a sizeable group of children, and al-
though the patients' ranged from newborns to 18-
year-olds there were no patients between 1 and 3
years old (12). Notwithstanding this difference, our
results are in general similar to those of Gerrits et al.
(12) and to those reported for adults (10, 11).

AMP

We know of no reported reference interval for AMP
in the CSF of children. In this study, we found con-
centrations of 1.69 ± 0.76 μιηοΐ/ΐ, with P95 = 2.93
μηιοΐ/ΐ.

IMP

Published data for IMP in the CSF of children is also
lacking. The concentrations we found in this work
varied widely from 0.51 to 12.06 μηιοΐ/ΐ, with a me-
dian of 3.78 μηιοΐ/l; P95 = 8.86 μιηοΐ/ΐ.

Inosine

The range we observed (0.64 + 0.35 μπιοΐ/ΐ) is in
keeping with those reported by others (3, 10, 12); in
our study P95 = 1.24 μηιοΐ/l.

Adenosine

Adenosine concentrations were also very variable,
ranging from 0 to 9.20 μηιοΐ/ΐ, with a median of 0.15
μηιοΐ/ΐ and P95 of 8.30 μηιοΐ/ΐ. 11.1% of the patients
had undetectable adenosine, a finding in keeping with
previous reports (12) of the difficulty of detecting
adenosine in CSF. Most of our patients had low CSF

adenosine concentrations, but a few had concentra-
tions considerably greater than any reported previ-
ously for patients with no signs of neurological dis-
ease; it seems possible that these exceptionally high
concentrations may have been related to febrile proc-
esses, since adenosine has been reported to have a
vasoregulatory role (7, 16, 17).

Guanosine

CSF guanosine concentrations ranged from 0 to 0.57
μπιοΐ/ΐ, with a median of 0.13 μιηοΐ/ΐ and a P95 of
0.36 μιηοΐ/ΐ. In a large proportion of patients (19%),
guanosine was not detectable. Our results are com-
patible with those of the only previous study of which
we are aware (12). CSF guanosine in children with
no neurological pathology is thus very low or unde-
tectable.

Adenine

CSF adenine concentrations ranged between 0.06 and
2.40 μηιοΐ/ΐ, with a median of 0.19 μηιοΐ/ΐ and a P95
of 1.19 μηιοΐ/ΐ. In 19.04% of the patients adenine was
not detectable. These results also agree with those of
Gerrits et al. (12). CSF adenine in children with no
neurological pathology is thus very low or undetect-
able.

Guanine

CSF guanine concentrations varied widely from 0 to
15.71 μηιοΐ/ΐ, with a median of 0.50 μηιοΐ/ΐ and a P95
of 12.04 μηαοΐ/ΐ. In 14.3% of the patients, guanine
was undetectable. Thus, like adenine, guanine is very
low or undetectable except in a small minority of
patients with much higher concentration, whose ae-
tiology we do not know. We know of no previous
study of guanine in the CSF of children.

Hypoxanthine

The observed hypoxanthine concentrations were 3.92
± 1.58 μηιοΐ/ΐ, with P95 = 6.84 μηιοΐ/ΐ. Previously
reported CSF hypoxanthine concentrations are simi-
lar to ours (3) or rather lower (10-12) (tab. 5).

Xanthine

The observed CSF xanthine concentrations were 2.40
± 1.10 μιηοΐ/ΐ, with P95 = 4.64 μιηοΐ/ΐ. Xanthine con-
centration was correlated negatively with age. The
concentrations reported by other authors (3, 10 — 12,
18) are in general similar to those observed in this
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study, although some are greater (tab. 5). Gerrits et
al. (12), found no correlation between age and CSF
xanthine concentration.

Urate

We found CSF urate concentrations of 10.12 ± 5.01
μηιοΐ/l, with P95 = 18.83 μπιοΐ/ΐ. The results reported
by others (11,12) are in general compatible with ours,
although in some studies involving few patients (3,
10) higher concentrations were observed.

Cytosine

CSF cytosine concentrations ranged widely from 0 to
10.33 μιηοΐ/ΐ, with a median of 0.75 μπιοΐ/ΐ and a P95
of 6.24 μπιοΐ/ΐ. We know of no other study of cytosine
in the CSF of children.

Tab. 5. Concentrations of oxypurines found in CSF in this
study and others (μιηοΐ/ΐ), mean ± SD.

N Hypoxanthine Xanthine

Gerrits et al. (12)
( <12 months)
(3-18 years)

Harkness et al. (3)

Eells et al. (10)
(adults)

HallgrenetaL (11)
(adults)

Livingston et al. (18)

Our study

14
64

10

10

26

19

63

2.38 + 0.89
2.47 ± 0.71

3.60 ± 0.90

2.5 ± 1.12

2.6 ±0.5

3.6 ± 1.15

3.92 ± 1.58

2.08 + 1.06
1.79 ± 0.62

5.0 ± 2.0

2.3 ± 0.45

1.7 ±0.4

3.1 ±0.9

2.40 ± 1.10

Thymine

In a large proportion of the patients (25.4%), thymine
was undetectable. The observed range was 0—2.95
μιηοΐ/ΐ, with a median of 0.28 μηιοΐ/ΐ and a P95 of
2.24 μπιοΐ/ΐ. Gerrits et al. (12) found no values greater
than 1 μηιοΐ/l.

Uracil

CSF uracil concentrations ranged between 0.14 and
4.09 μηιοΐ/ΐ, with a median of 0.58 μηιοΐ/ΐ and a P95
of 1.30 μπιοΐ/ΐ. The values reported previously (12)
are similar to ours.

Conclusion

We believe that further studies of purine and pyrim-
idine metabolites in CSF should be carried out with
larger groups of patients to determine reference ranges
of greater statistical reliability. We nevertheless con-
sider that the ranges reported here, which agree with
those found with the same analytical method by other
authors in similar patient groups, will be useful for
comparison with values found in children with neu-
rological pathologies.
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