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Extract

A simple and rapid method for determination of the hypexanthine
and xanthine concentration in plasma and urine is described. The
method is based on the principle that oxygen is consumed quantita-
tively when hypoxanthine and xanthine arc oxidized te urate by
xanthine oxidase. By using Henry’s law a direct measure of the
hypoxanthine and xanthine concentration is obtained.

The method determines these oxypurines in yolumes of 200 p in
concentrations less than 5 gmol/liter.in about S5 min. The average
precision in the range of 0-50 ymol/liter is 2.6 pmol/liter. OF the
added hypoxanthine, 99-102% is recovered in plasma. Even though
xanthine oxidase is a rather nonspecific enzyme, experiments show
that this method is highly specific during physiologic conditions.

Speculation

Other purines which can be metabolized (o hypoxanthine can be
determined by this method. For instance, inosine, which is metabo-
lized to hypoxanthine by nucleoside phosphorylase in the presence of
phosphate, might also be determined according to this method.

The spectrophotometric method of Kalckar (10) represented an
important step in the determination of the purine metabolites,
hypoxanthine and xanthine. The principle of this method was
employed logether with Turther developments of Jergensen er al.
(%), and Brandt Petersen ef af. (3). [n addition there are also
chromatographic and isotope methods available for determination
of these oxypurines (13).

TTowever, all of these methods are unsuituble for routine
determination because they are time consuming, demand large
volumes of blood, and are inaccurate tor the detection of the low
concentrations of oxypurines found in human plasma.

Berne (1) showed that there is an increased level of inosine and
hypoxanthing in coronary venous blood from the ischemic myocur-
dium of cat and dog. Crowell ef 4. (3) showed (hat dogs 1ose their
purincs irreversibly during hemorrhagic shock. Saugstad (12)
showed that the oxypurine level in umbilical cord plasma is
increased in newborn infants with chimical signs of intrauterine
hypoxia.

Caollectively, these resuits indicate the need for a simple, reliable,
rapid method for the measurement of oxypurines in the low

concentrations found in human plasma. The present report
describes such a method.

THEORY

Hypexanthing is oxidized to wrate via xunthine by xanthine
oxidase. Figure 1 shows that oxygen is consumed during the
reaction. If all the hydrogen peroxide formed during the reaction is
split into water and oxygen, there is a quantilative relation between
consumed oxygen and metabolized hypoxanthine and xanthing,
respectively, Thus, 1 mol oxygen is consumed/mol hypoxanthine
metabolized, and 0.5 mol oxygen Is consumed/mol xanthine
oxidized to urate.

Bv measuring the decrease of Fy, of the solution after addition
of xanthine oxidase, a quantitative measure of the oxypurine con-
centration is obtained. [t is presupposed that all of the oxypurines
are metabolized to urate. The following equation is then valid.

IMypoxanthine - G, - urale
Xanthine + ¥y, = urite
CALCULATIONS

Henry's law states that dP — KdC, where dP is the change in
partial pressure of a gas in solution where the concentration of the
gas 18 changed dC. K is a constant depending upen the solution,
among other things. If K is known, dC can be calculated if dP is
measured.

It fallows that

P.-Mw

K= —n-—
V-5

P is the partial pressure of the gas in the soletion. Mw is the
molecular weight of the gas, V is the volume of gas dissolved per
liter of solution, and S is the specific density of the gas.

In I liter of plasma at 38° and 760 mm Hg of oxygen, 24 ml
oxygen are dissolved. (The volume corrected to standard pres-
sure and temperature (14}). The specific density of oxygen (mi-
crograms per microlitery at standard temperature and pressure
is 1.429 {6). The molecular weight of oxygen is 32. The constant
K for oxygen dissolved in plasma is therefore

T60.32 mm Hg

K=——— =T 5 Lom

. = mm Hg/pmol/fier
24,000.1,429 umol/liter
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Fig. I. The catabolistn of hypoxanthine to urate via xanthine. Oxygen
is consumed in the presence of xanthine oxidase,

Hypoxanthine

O,

[n a <olution containing only hypoxanthine or xanthine the
concentration of hypoxanthine ([ix) and xanthine (X), respec-
tively, is

(Hxy = Po, mol/liter
S TR

x) - P, 11t

i = c—— e QTTEQ 1er
Y TR

Both hypeoxanthine and xanthine arc present in biologic fluid. By
the use of this principle one cannot separate these two metabolites.
To separate these two metabaolites it is necessary also to measure
the increase of the urate concentration, dU, in the selution after
addition of xunthine oxidase. It then follows that

0.71-(Hx) + ¥ 0.71 (X) = dPy,
dU = (Hx} + (X)
iHence

(X} _
(X3 + {Ilx)

(X)

du

2dY - 2dPg /0,71
dl

The concentrations of oxypurines in plasma arc normally so low
that it is aimless to separate hypoxanthine and xanthine. In the
routine it 15 more practical to overleok xanthine and calculate as if
all the oxypurines were hypoxanthine. Assuming a xanthine to
hypexanthing ratio ranging from 0.25-0.5 (4) the error produced is
12-25%.

By contrast, in the urine the oxypurine level is so high that it is
possible to separate the two metabolites,

MATERIALS AND METHODS

Standard solutions of hypoxanthine were prepared from rea-
gents oblained from Sigma Chemical Co. Xanthine oxidase with
activity of approximately 0.4 p/mg and catalase with activity of
approximately 30.000 p/mg werc obtained from Bochringer
Mannheim. All assays were performed with phosphate buffer (50
mM, pH 7.4},

APPARATUS AND PROCEDURE

A Radiometer Pg, electrode (E/5046/0) linked to z Radio-
meter phl meter 27 was used. The Po, electrode was placed in a
chamber made for capillary P,, determinations (Fig. 2). The
chamber was thermostated at 37° and all solutions were placed in
a water bath ol 37°. To each milliliter of solution, 20 ul cataluse
were added. The solution (plasma, uring, cerebrospinal fluid,
amnpiotic fluid, etc.) was injected into the chamber with a syringe,
avoiding air bubbles. The initial Pg,, Pig, was noted, and the
sohution withdrawn. Ten microliters of xanthine oxidase were then
added with a 10-xl Hamilton syringe to the bottom of the cham-
ber. The solution was then injected carefully into the chamber, and
the final Py, Pey, meusured at the completion of the reaction.
The diflference between Piy, and Peg,, dPg, was used to cal-
culate the hypoxanthine concentration in the solution. Urate was
determined by a routine spectrophotometrical method.

RESULTS

Changes in plasma hypoxanthine concentrations with time in
blood maintained at + 4° arc shown in Figure 3. One milliliter of
the blood sample was centrifuged at 30, 60, and 120 min, etc., and
the hypoxanthine concentration of the plasma was determined. In
the course of 30. 60 min concentrations decreased to zero; after
2-4 hr the hypoxanthine increased rapidly. This increase has
also been observed by others (9). The same pattern is also ob-
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Fig. 2. Chamber with Py, clectrode. The solution is injected with a
syringe into the chamber. The volume of the chamber is approximately 70
gl and the dead space 30-40 gl Hence the minimal velume required is
100-110 gi.

Hypoxanthine, pmol/l
251

T T T 1
2 1 2 3 4 5 &

Hours
Fig. 3. Change ofhypoxainlhine concentration in plasma of blood placed
in 4+ 4%, Coraplete blood is placed at + 4°C. At 30, 60, 120 min, etc. 1.0
mi blood is centrifuged and the hypoxanthine concentration of the plasma
is determined. The blood in the refrigerator is shaken regularly,

gerved in blood at room lemperature, it is necessary to separate
the plasma immediately in order 1o avoid erroneous results.

Figure 4 shows the measurements of standard solutions of
hypoxanthine (5, 10, 25, and 30 pmol/liter). Ten measurements
were performed for each solution., The K for this solution was
calculated by regression analysis to 0.8 This differs, as expected,
slightly from K of plasma. The figure shows that hypoxanthine can
be mceasured at concentrations of 5 ymol/liter with good accuracy.

SPECIFICITY

To test the specificity of the method, several substances which
theoretically could interfere with one measurement were added to
plasma with known concentration of hypoxanthine,

Table 1 shows the results of hypoxanthine measurements in
plasma afier the addition of inosine, guanosine, adenine, and
acelaldehyde. The results represent the mean of three measure-
ments and were compared with hvpoxanthine measurcments of the
same plasma with added phosphate buffer as control. inosine and
guanosine did not interfere in the concentrations tested. Adenine
and acetaldehyde interfered only at very high concentralions.

RECOVERY

Table 2 gives the results of recovery of hypoxanthine added to
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Fig. 4. A standard curve for hypoxanthine determinations in phosphate buffer is drawn. Ten measurements were made on standard solutions of
hypoxanthine with concentrations of 3, 10, 25, and 50 umol/iiter. The regression line was calculated as dPy, = 0.8 Hx — 0.3, dPy, is the decrease in
Pg, in mm Hyg during the reaction; and Hx is the hypoxanthine concentration in micromoles per liter.

Table |. Specificity: Addition to plasma of inosine, guanosine,
adenine, and aceraldehvde

Hypoxanthme Hypoxanthine

Substance added in plasma, in reference,

to plasma umol/ffiter wmol/liter
Inosine, 100 gmol/liter 9.0 §.0
Guanesine, 100 gmol/liter 6.3 7.3
Adenine, 20 mmol/liter 44 105
Adenine, 400 ymaol/liter 20.5 i35
Acetaldehyde, 1.8 mol/liter 200 4.5
Acetaldehyde, 1.8 mmol/liter 13.5 13.0

' To 0.5 ml plasma was added 0.2 mi of the substance; to 0.5 ml of the
same plasma was added 0.2 ml buffer. This was used as reference plasma.
Each resull given in the table is the mean of three measuremeanis.

Table 2. Recovery of added hypoxanthine io plasma’

Plasma with initial
_ hypoxanthine (25 pmol/liter)®

Plasma with initial
hypoxanthine (0 pmol/liter)?

Added, nmol Recovered, nmol A_di_:lcd;”nniol Recovered, nmol
19 28 20 28
40 34 29 27
62 62 60 53

Of a standard solution ol hypoxanthine with known hypoxanthine
concentration, 0.5 ml was added 10 0.5 ml plasma. The hypoxanthine
concentration in this plasma was determined and the amount of recovered
hypoxanthine was calculated. Two different plasmas was vsed. One with
initial hypoxanthine concentration of 0 gmol/liter and the other with 25
wumol/liter. Each result given in the table is the mean of three measure-
ments.

* Recovered: 102.5%.

* Recovered: 99%.

plasma. Plusma with a hypoxanthine concentration of 0 pmol/Titer
and 25 gmol/liter, respectively. was uscd.

Hypoxanthine was then added in three different amounts (o each
of the plasmas. In each of these six solutions the hypoxanthine
concentration was subsequently determined, and the amount of
recovered hypoxanthine was calculated. Each result in Table 2 is
the mean of three parallel measurements. The table shows that
recovery ranges from 99-102%.

To test how much hypoxanthine was recovered as urate, 0.2 ml
standard hypoxanthine solution was added to | ml plasma. The
concentration of hypoxanthine in the sample was then determined.
To | ml of the same plasma 0.2 m! phosphate buffer solution was
added as a reference, Twenty microliters of xanthine oxidase were
then added to both of these samples, and the concentration of urate
was determined in both of them. The difference of hypoxanthine
concentration in the plasma to which hypoxanthine was added and
the reference plasma was used to calculate the expected difference
of urate, dUe, in the two samples. The dUe was then compared
with the measured urate difference, dU. This procedure was done
with three different plasmas, and each result given in Table 3 is the
mean ol three measurements. The table shows good accordance
between dU and dU, . Of the added hypoxanthine, 93.5-108.8% is
recovered 4s urate.

PRECISION

Table 4 gives the precision of the method in the range of 0-50
wmol/liter. One standard deviation is given together with the
coefficient of variation. The precision varies from 2.0-3.1 zgmol/
liter with an average of 2.6 ymol/liter.

HYPOXANTHINE IN PLASMA

In 10 healthy adults the hypoxanthine concentralion ranged
from 0-11 gmol/liter. This is in accordance with the results of
Klineberg et al. (11), who found a hypoxanthine leve! in lour
normal adults ranging from 4.8-12.5 umol/liter. However, Jor-
gensen et al. (8) reported concentrations ranging from 7 20
umol/titer,

In umbilical cord plusma the hypoxanthine level in 29 inflants
with normal delivery ranged from 0 11 gmol/liter. Ten of 12
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Table 3. Recovery of added hypoxanihine as uraie'

U, L, du, dU.
Hax, mg 100 mg/l100  mg/ 100 mg/100  Recovered,
prnol/liter ml ml ml ml 4%
330 3.30 2.73 0,57 0.62 103.8
340 2.90 2,23 .67 0.64 435
39.0 3.00 2.23 0.77 0.74 96.1

! Hx: hypoxanthine concentration of plasma with initial concentration
of 0 ymol/liter after the addition of hypoxanthine solution; U ,; urate con-
centration in plasma, added hypoxanthine and xanthine oxidase; U,: urate
concentration in plasma added buffer soiution and xanthine oxidase: dU-
U, - Uy dll,: the expected urate difference if all the added hypoxanthine
was recovered as urate after the addition of xanthine oxidase. Each result
in the table is the mean of three measurements,

Table 4. Precision of method tested on different plasmas’

Hx, 1 ST,
wmol/liter pmmal/liter CV. % No.
0.0 2.2 it
15.0 2.0 12.0 16
27.0 2.9 10.5 17
44.0 3l 6.5 14

' Hx: hypexanthine concentration in plasma; CV: coellicient of varia-
tion; Wo.: number of meastrements.

newborn infants with clinical signs of intravterine hypoxia had
increased values ranging from 10-60 ymol/liter (12).

DISCUSSION

The results of the present study describe a method for the
measurement of oxypurine in plasma, There are several sources of
error. For instance, the oxygen contenl of the sotution could be
changed during by the withdrawal of plasma from the chumber. 1t
is therefore impertant lo treat the solution very carefully dur-
ing the withdrawal. It is also essential that the Pig, be as close
as possible to the Py, of the atmosphere. If the Pig, is less than
atmospheric P, therc will be a gradient between the solution and
the air. Withdrawul of the solution will then increase the Pg, in the
solution, and the value for Pe,, will be too small, thus (oo Tow
concentrations of hypoxanthine will be measured.

"Pcc,2 is determined when there is no more decrease of Py, . This
might be dilficult to decide since the clectrode itsell” consumes
oxveen. By using a recorder it is possible to determine Peg, by
extrapolation and thus climinate such error.

Free hemoglobin in the solution wili also give wvalues for
hypoxanthine which are too low because of the binding of the
oxygen. It is therelore important Lo avoid hemolysis in the blood
samples.

[n spite of these factors the precision of the method scems
satisfactory. The method may not be precise enough at concentra-
tions less than 5 gmol/liter. On the other hand, since during
hypoxia levels are commoanly ralsed to concentrations greater than
10 pmeol/fliter, the precision will be satisfactory and can be
correlated with the pressure of hypoxia. )

The enzyme xanthine oxidase is nonspeeific (2). 1o addition to
catalysing hypoxunthine and xanthine, it also catalyses chemical
reactions of other purines such as, e.g., adenine. The adenine
concentration is, however, normally negligible in body Muids. In
addition, the velocity of the reaction is so slow that it is unlikely
that this metabolite could interferc. Several aldchydes are also
substrates for the enzyme (15). However, the Michaelis constant
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(Kp,) of aldchydes ranges from 10-2-107*, whereas K, of purines
are in the range of 10-% (15), In addition, V.., of, eg.,
acetaldehyde, is reported 1o be 0.3 of that of hypoxanthine (2). This
means that only very high concentrations of aldehydes might
interfere with the hypoxanthine determinations. This is in accord-
ance with the results of this work. The specificity of the method is
therefore adequate during physiclogic conditions, However, it is
st not known if any drugs interfere with hypoxanthine determina-
tion. Ethanol, for example. is metabolized to acetaldehyde.
1-Methyl xanthing is also  substrate of the enzyme (13), and an
increased level of this substance could interfere.

It is well known that several substances inhibit xanthine oxidase.
Paticnts trcated with xanthine oxidase inhibitors will therefore
probabiy have lower valucs than normal, and any hypoxia could be
difficult to diagnose with this variable. On the other hand, hyper-
uricemia, independent of etiology, will probably raise the hypox-
anthine concentration in plasma and the rate of excretion in the
urinc.

Unpublished experiments of deVerdier and Saugstad (6) indi-
cate that inasine 18 incorporated very quickly into the erythrocyles
and partly transformed 10 hypoxanthing which is detected in the
solution after only a fow minutes. Theretore, it seems likely that
what is actually being measured with this method is hypoxanthing
plus inosine, The inosine level is normally so low compared with
that of oxypurine that this creor is negligible. On the other hand,
the inosine level is increused during hypoxia and will therefore
probably add to the hypoxanthine level.

SUMMARY

A method for the determination of the oxypurines, hypoxan-
thine and xanthine, is described. The method is based on the
principle that oxygen is consumed when oxypurines are metabo-
lized to urate by xanthine oxidase. This consumption is measured
with a Py, electrode.

Although xanthine oxidase is nonspecific, the method seems to
be specilic during physiologic conditions. The advantages of this
method compared with established ones are that it is simple, rapid,
and determines the metabolites with good precision in the low
concentrations found in human plasima.
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Growth and Skeletal Maturation in Asthmatic
Children: Effect of Corticosteroid Treatment

HELEN (. MORRIS®
Children’s Asthma Research Institute and Hospital, and the National Jewish Hospitol and Research Center, Denver, Colorado. USA

Extract

The cffects of corticosteroid treatment on growth and skeletal
maturation were evaluated in 189 children with severe asthma who
were referred for care at a residential treatment center. Height ape
on admission was significantly retarded in 8-10%: of patients who
had received little corticosteroid treatment previously and in 35%: of
patients who had taken steroids daily for more than 2 years,
Children who had been treated with steroids intermittently or on
alternate days were comparable to those who had taken steroids
varely. During an average residential period of 17 months, patients
whose daily steroid treatment was discontinued had a relative gain in
height age of 5 months; children who were started on daily steroids
had a S-month delay in growth. Evaluation of skeletal maturation at
the time of admission revealed that skeletal age was more retarded
than height age in the boys and less retarded than height age in the
girls. During the period of residence, the changes in bone age
paralleled the changes in height age.

Speculation

Suppression of growth is a frequent complication fn asthmatic
children who receive prolonged treatment with corticosteroids. In
some patients the suppression of growth may result in permanent
dwarfism. However, no information is currenily available on the
aduli heights of patienis who have received prolonged corticosteroid
therapy doring childhood.

It is well known that prolonged corticosteroid therapy in
children may be associsted with the inhibition of growth, However,
there are siill a number of unanswered questions with respect to the
lrequency and severity of the dwarlism induced by corticosteroids,
the possible contributory influence of the underlying discase, and
the likeithood of **catch-up™ growth alter corticosteroid therapy is
discontinued. Additionally, more information is needed about the
effects of corticosteroid treatment on the skeletal maturation of
children without endocring disease. In this study the influence of
corlicosteroid therapy on height and skeletal maturation was
evaluated in a large population of children with asthma,

MATLERIALS AND METLTIODS
PATIENTS

All children had severe asthma and had been referred for care at
a residential treatment center in Denver. The study was based on a
retrospective evaluation of two populalion groups: children in
residence at the center in 1965 and those admitted in 1970, The
ages of both groups (Table 1} ranged between 6 and 15 vears, with
a meun age of 11, Most of the paticnts were Caucasian children
from middle income families, The larger number of boys reflects
the population al the trealment center.

The initial phase of the study was based on evuluation of height
and skeletal maturation at the time of admission in 189 children,
The number of subjects in ihis portion of the study permitled
separate evaluation of the data in boys and girls.

The second phase of the study was bascd on cvaluation of the
changes in physical devclopment during the period of residential
care. For this purpose comparisons were made of height and
skeletul ages al the lime ol admission and discharge in 76 children
{49 bovs and 27 girls). The duration of residential treatment
ranged between 12 and 24 months with an average of 17 months.
This portion of the study is largely based on data of children
hospitalized during 1965,

EXPERIMENTAL APPROACH

To reduce bias in interpretation of da(s, the study was ap-
proached first by assessment of skeietal ages from radiographs of
the left hand and wrist which had been obtained during the course
of routine diagnostic evaluation (22). After the assessment of
skeletal ages had been completed, the heights and weights of the
patients al the time of the x-ray examinations were abstracted
from the charts and recorded separately. The patients’ churts were
then reviewed without regard to the growth data and an assessment
was made of the course and severity of the asthma and the history
of steroid therapy.

EVALUATION OF SKELETAL DDATA

Skeletal ages were determined by the author through compari-
son of radiographs of the left wrist with the standards in a
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