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Aims The prevalence of hyperuricaemia and gout increases with age as does the
incidence of adverse effects to allopurinol, the major uric acid lowering drug. The
present study was performed to compare the disposition and effects of allopurinol
and its active metabolite oxipurinol in elderly and young subjects without major
health problems.
Methods Ten elderly (age range 71–93 years) and nine young subjects (24–35 years)
received an oral dose of 200 mg allopurinol in an open, single dose, cross sectional
design. Four of these individuals were additionally dosed with 200 mg allopurinol
intravenously. Plasma and urine concentrations of allopurinol, oxipurinol, hypoxan-
thine, xanthine, and uric acid were measured by h.p.l.c.
Results Total clearance of allopurinol was not different in elderly (15.7±3.8 ml
min−1 kg−1, mean±s.e. mean) and young subjects (15.7±2.1), whereas total
clearance of oxipurinol was significantly reduced in the aged (0.24±0.03) com-
pared with young controls (0.37±0.05) as was the distribution volume of oxipur-
inol (0.60±0.09 and 0.84±0.07 l kg−1, respectively). Oxipurinol was eliminated
primarily by the kidneys, allopurinol by metabolism. Fractional peroral bioavail-
ability of allopurinol was 0.81±0.16 (n=4, two elderly and two young subjects).
Although maximal plasma concentrations of oxipurinol were significantly higher in
elderly (5.63±0.83 mg ml−1) than in young persons (3.75±0.25) as was the area
under the oxipurinol plasma concentration-time curve, AUC (260±46 and
166±23 mg ml−1 h, respectively), the pharmacodynamic effect of oxipurinol was
smaller in elderly than young subjects (time-dependent decrease of plasma uric acid
83±30 mg ml−1 h in elderly compared with 176±21 in young controls). Oxipurinol
increased the renal clearance of xanthine, suggesting inhibition of tubular xanthine
reabsorption by oxipurinol.
Conclusions Although allopurinol elimination is not reduced in the aged, that of its
active metabolite oxipurinol is because of an age-dependent decline in renal function.
Xanthine oxidase inhibition by oxipurinol appears to be reduced in old age. In
addition to its uricostatic action, oxipurinol has a xanthinuric effect which is also
diminished in the elderly.
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gout. Due to its inhibition of xanthine oxidase
Introduction

(E.C.1.2.3.2.), the enzyme that catalyses the production
of xanthine from hypoxanthine and of uric acid fromAllopurinol, a structural analogue of hypoxanthine, is

used primarily in the treatment of hyperuricaemia and xanthine, both the plasma level of uric acid and its renal
excretion are reduced. Allopurinol is not only a blocker
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instance prevention of tissue damage due to free radical in the dose range for treating gout. Blood samples,
withdrawn from a catheter in an antebrachial vein, andformation, prevention of urinary stones, and treatment of

protozoal diseases [3]. urine were collected before (blank) and in periodic
intervals after dosing of allopurinol. To avoid possibleGout mainly affects adult men and is usually first

diagnosed in the fifth decade of life, in women gout is a contamination of plasma with hypoxanthine generated
by blood cells, plasma was immediately separated fromdisease of the postmenopausal period. On the whole, the

prevalence of gout increases with age, possibly because blood cells and, together with urine, stored at −20° C
until assay. The study participants were instructed toof changes in body composition, renal excretory function,

and treatment with diuretics [4]. In addition, risk factors adjust their fluid intake to produce a urine volume of at
least 2 l per day.for crystal deposition, for instance degenerative joint

diseases and osteoarthritis, increase with advancing age In addition to peroral administration, 200 mg allopuri-
nol sodium salt were also injected intravenously in four[5]. But although gout is an increasingly recognized

problem in the elderly [6], both the pharmacokinetics subjects to permit calculation of the fractional peroral
bioavailability of the drug. A period of at least 2 weeksand pharmacodynamics of allopurinol, the most frequently

used uric acid lowering drug, have not been examined was allowed between the peroral and intravenous adminis-
trations for drug washout.in the aged. This shortcoming is all the more regrettable

as drug treatment in the elderly poses special problems in The study was approved by the ethics committee of
the hospital. Each of the participants gave informedgeneral [7] and the toxicity to allopurinol in particular

was reported to increase with age [6]. The present study written consent.
addresses the fate and function of allopurinol in elderly
in comparison to young individuals.

Assay procedure

Allopurinol, oxipurinol, hypoxanthine, xanthine, and uric
Methods acid in plasma and urine were determined by high

performance liquid chromatography (h.p.l.c.) with ultra-Subjects and study protocol
violet spectrophotometric detection (at 254 nm), similar
to the procedure described by Wung & Howell [8].The elderly study participants (age 71–93 years) were

patients of the Wiener Allgemeines Krankenhaus (Vienna Plasma (250 ml) was deproteinized with 1/10 volume of
4.4 m perchloric acid and buffered to pH 2 usingGeneral Hospital, University of Vienna Medical School)

who were referred to the clinic for symptoms such as potassium acetate. After centrifugation to remove particu-
lar matter, 50 ml were injected into the analytical columnsbronchitis, angina pectoris, or degenerative bone or joint

disease. None had insufficiencies of the heart, lung, liver (Spherisorb ODS II RP18, 250Ω4.6 mm and 150Ω4.6 mm,
Waters Co.) of the h.p.l.c. system (HP 1050 Chem-or kidneys, or signs of oedema, dehydration, or recent

weight changes. Other exclusion criteria were chronic Station, Hewlett Packard Co.) with 50 mm KH2HPO4 as
the mobile phase (1.5 ml min−1) at 28° C. 5-Fluorouracilinflammatory bowel disease, diarrhoea, status post gastric

or intestinal surgical procedures, disorders affecting was used as internal standard. Allopurinol and oxipurinol
eluted with retention times of 11.5 and 9.9 min,micturation, primary or secondary hyperuricaemia, simul-

taneous therapy with uricosuric drugs, thiazides and loop respectively, the corresponding values for hypoxanthine,
xanthine, uric acid, and 5-fluoro-uracil were 7.4, 8.4,diuretics, mercaptopurine, azathioprine, or adenine

arabinoside. 6.3, and 5.8 min. After each run the columns were
cleaned with acetonitrile.The control group of young subjects (age 26–35 years)

was recruited from the staff of the Wiener Allgemeines Urine samples (40 ml ) were diluted 151 with water
and made alkaline with 1/8 volume 1 m Na2CO3. AfterKrankenhaus (nurses, laboratory technicians, doctors). In

addition to pregnancy and lactation the same exclusion acidifying with three volumes of 0.2 m H3PO4 to pH 3,
50 ml were applied to the h.p.l.c. system with 10 mmcriteria applied as in the elderly group.

The effects of age on the pharmacokinetics and KH2PO4 as the mobile phase at 50° C.
Four point standard calibration curves were generatedpharmacodynamics of allopurinol were studied in an

open, single dose design. 12 h before and throughout the for allopurinol, oxipurinol, hypoxanthine, xanthine, and
uric acid on each assay day. The lower detection limitstudy period the test persons consumed no methylxan-

thine-containing or alcoholic beverages. During the first for these compounds was 0.1 mg ml−1, the absorption—
concentration relation was linear to 50 mg ml−1 forday of the study all participants were on the hospital diet.

After a standard breakfast, 200 mg allopurinol (2 ZyloricA allopurinol and oxipurinol, to 10 mg ml−1 for hypoxan-
thine and xanthine, and to 100 mg ml−1 for uric acid.100 mg tablets, Glaxo-Wellcome) were administered

orally with 250 ml water. This amount of allopurinol is The calibration curves passed through the origin
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(±0.03 mg ml−1). The standards, which were purchased equation (the Bateman function)
from Sigma Chemical Co., were dissolved in 7% bovine
serum albumin for plasma calibration curves and in 1 m Cp=

DΩka(e
−ket−e−kat)

(V/F)(ka−ke)
, (4)

H3PO4 for urine calibration curves.

to the measured values of the plasma concentration—
Data analysis time curves using nonlinear regression analysis (iterative

curve—fitting procedure). Cmax was calculated by settingThe area under the plasma concentration—time curve
the first derivative of the Bateman function equal to zero,(AUC) was obtained by the trapezoidal method with
and tmax by solving for t [9]. F is the fractional peroralextrapolation to infinity according to Clast/ke, where Clast bioavailability.is the last measured plasma concentration of the compound

Urinary excretion rates were calculated from thein question and ke is the apparent elimination rate
product of the urine concentration and the urine volumeconstant. ke was derived from linear least-square regression
per unit time. Fractional renal excretion, FE, was obtainedanalysis of the falling portion of the semilogarithmic
fromplasma concentration–time curves.

Total clearance, CL, was calculated from FE=
CuΩCCr

p

CpΩCCr
u

, (5)
CL=D/AUC, (1)

in which the superscript Cr denotes the concentration ofin which D is the dose administered. In the case of
creatinine in plasma and urine, respectively. The param-oxipurinol, the dose taken for the calculation of CL was
eter FE, which is expressed in percentage of the creatinineobtained from
clearance, has the advantage that it is independent of
urine volume, hence it is not affected by inaccuracies inDoxipur.=Dallopur.

AUCoxipur.

AUCallopur.+AUCoxipur.

. (2)
collection of urine.

The apparent volume of distribution, V, was set equal to
CL/ke. Renal clearance, CLR, was calculated from Statistics

Results are given as means±s.e. mean based on n, the
CLR=

CuΩVu

Cp

, (3) number of test persons. The statistical significance of a
difference between means was calculated using the
unpaired t-test. A two tailed P value smaller than 0.05 isin which Cu and Cp are the urine and plasma

concentrations, and V u represents the urine volume per considered significant.
time unit. It follows that the nonrenal clearance, CLNR,
is CL–CLR.

Results
The absorption rate constant, ka, the maximum plasma

concentration, Cmax, and the time of Cmax after peroral Characteristics of the elderly and young subjects in which
the study was performed are given in Table 1. There wasdrug administration, tmax, of allopurinol and oxipurinol

were obtained by approximating the parameters of the no difference in mean body weight and height between

Table 1 Demographic parameters, urine
flow rate, and plasma concentrations of
creatinine, hypoxanthine, xanthine, and
uric acid of the elderly and young
subjects in which the study was
performed.

Young subjects (n=9) Elderly subjects (n=10)

Age (years) 30.3±1.4 76.5±2.1*
Men/women 4/5 6/4
Body weight (kg) 62.9±4.8 67.9±3.5
Body height (cm) 173.0±2.6 170.0±3.6
Urine flow rate (ml h−1 kg−1) 1.62±0.48 1.02±0.15
Plasma concentrations (mg ml−1)

Creatinine 9.73±0.64 11.35±1.20
Hypoxanthine 1.02±0.20 2.70±0.71*
Xanthine 0.27±0.08 0.34±0.07
Uric acid 58.6±4.2 58.1±6.5

Values are means±s.e. mean.
*P<0.05 between the elderly and the young subjects.
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the two age groups. Urine flow rate was somewhat lower ke, of allopurinol and total and nonrenal clearance of
allopurinol in elderly compared with young individuals.in the elderly. Hypoxanthine plasma levels were signifi-

cantly higher in the old compared with the young group, From the clearance values of allopurinol given in
Table 2 it is obvious that this compound is eliminatedwhereas xanthine, uric acid, and creatinine plasma

concentrations were not significantly different. primarily by metabolism, renal clearance is much smaller
than nonrenal clearance of allopurinol. The fractional
renal excretion of allopurinol amounts to 45% of the

Pharmacokinetics
glomerular filtration rate in young adults, hence net allop-
urinol reabsorption is only half of the filtered allopurinol.Following oral administration of 200 mg allopurinol,

maximum plasma concentrations of oxipurinol, the active In the elderly, renal clearance of allopurinol was
significantly smaller than in the young subjects. The age-metabolite of allopurinol, were higher in subjects older

than 70 years than in young adults aged 24–35 years. In dependent decrease of renal allopurinol clearance was of
similar magnitude to the fall in creatinine clearancecontrast, maximum allopurinol plasma levels were slightly

lower in elderly than in young individuals (Figure 1). (Table 3). Hence, fractional renal allopurinol excretion
was not significantly decreased in the elderly, in accord-The pharmacokinetic parameters calculated from the

plasma concentration—time curves of allopurinol and ance with the notion that in the ageing kidney nephrons
are lost but the remaining nephrons operate normallyoxipurinol are given in Table 2.

The absorption rate constant, ka, of allopurinol was [10].
Oxipurinol, in contrast to allopurinol, is eliminatedlower in the elderly than in the young individuals (95%

confidence interval on mean difference, CI: 1.20; −0.11), primarily by the kidneys, metabolic (nonrenal) elimination
is relatively small. But the absolute value of renalthe maximum plasma concentration, Cmax, was decreased

in this age group (95% CI: 1.14; 0.04), and more time oxipurinol clearance is lower than that of allopurinol
(Table 2), indicating that net tubular reabsorption ofwas required to reach Cmax (95% CI: 0.06; −0.94).

Although these changes did not reach statistical signifi- oxipurinol is more extensive than that of allopurinol. In
old age, both total and renal clearance of oxipurinol arecance at least in the t-test, together they suggest retarded

intestinal absorption in the aged. decreased compared with young subjects.
The distribution volume of oxipurinol is smaller thanThe ka value of oxipurinol, on the other hand, not

only reflects the rate of absorption but also the rate of that of allopurinol (Table 2). This difference is in
agreement with the higher hydrophilicity of oxipurinol.conversion of allopurinol to oxipurinol. ka for oxipurinol

was not different in the elderly and young subjects The octanol/water (pH 7.4) distribution coefficient of
oxipurinol was measured to be 0.2, the corresponding(Table 2), indicating that oxidation of allopurinol to

oxipurinol is unchanged in old age. This notion is also value for allopurinol was 1.0. In the elderly, the
distribution volume of oxipurinol was reduced comparedsupported by the unchanged elimination rate constant,
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Figure 1 Plasma concentrations of allopurinol (#, $) and oxipurinol (6, +) after oral administration of 200 mg allopurinol to elderly
(solid symbols) and young subjects (open symbols). The dashed curves were calculated by nonlinear regression analysis underlying
Equation (4). Values are means±s.e. mean.
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Table 2 Pharmacokinetic parameters of allopurinol (200 mg orally) and oxipurinol in young and elderly subjects. The values for
clearance and distribution volume are uncorrected for the fractional bioavailability, hence represent CL/F and V/F, respectively.

Young subjects (n=9) Elderly subjects (n=10)
Allopurinol Oxipurinol Allopurinol Oxipurinol

AUC (mg ml−1 h) 4.38±0.67 166±23 4.46±0.71 260±46*
ka (h−1) 1.64±0.30 0.95±0.13 1.10±0.15 0.93±0.18
ke (h−1) 0.43±0.07 0.027±0.003 0.45±0.12 0.026±0.003
Cmax (mg ml−1) 1.24±0.21 3.75±0.25 0.64±0.15 5.63±0.83*
tmax (h) 0.8 (0.6–1.7) 4.2 (2.0–5.8) 1.2 (0.8–2.5) 4.5 (2.2–10.0)
CL/F (ml min−1 kg−1)

Total 15.7±2.1 0.37±0.05 15.7±3.8 0.24±0.03*
Renal 1.2±0.2 0.30±0.06 0.5±0.1* 0.18±0.04
Nonrenal 14.5±2.2 0.07±0.08 15.3±3.8 0.06±0.03

FE (% of GFR) 44.9±7.9 20.1±5.9 36.2±10.3 17.5±3.8
V/F ( l kg−1) 2.43±0.36 0.84±0.07 2.28±0.21 0.60±0.09*
Cumulative urinary excretion (mg/48 h) 18.0±4.3 122±26.4 8.4±2.6 107±22.1

Values are means±s.e. mean except tmax which is median (plus range).
*P<0.05 between the elderly and young subjects;

Table 3 Effects of allopurinol administration (200 mg orally) in young subjects and elderly. The values for urinary excretion rates and
renal clearances in the presence of allopurinol represent the means from 2 to 8 h after allopurinol administration, the control values for
these parameters were obtained from urinary and blood samples taken before allopurinol dosing.

Young subjects (n=9) Elderly subjects (n=10)
Control Allopurinol Control Allopurinol

AUC(0,24 h) (mg ml−1 h) of the change in
Uric acid – 175.8±20.7 – 83.1±30.1*
Xanthine – 4.81±1.70 – 2.21±2.62

Urinary excretion rate (mg min−1 kg−1)
Uric acid 524±153 423±88 333±114 234±45
Hypoxanthine 8.9±3.4 14.1±3.7 7.1±2.6 5.7±2.1*
Xanthine 7.9±1.6 39.6±7.9§ 4.4±1.1 15.2±4.4*§

Renal clearance (ml min−1 kg−1)
Creatinine 2.04±0.20 2.01±0.13 0.89±0.09* 0.94±0.07*
Uric acid 0.14±0.03 0.15±0.04 0.10±0.03 0.09±0.02
Hypoxanthine 0.20±0.08 0.30±0.07 0.06±0.03 0.04±0.01*
Xanthine 0.60±0.23 1.37±0.33§ 0.28±0.08 0.41±0.08*

Values are means±s.e. mean.
*P<0.05 between the values in the elderly and the young subjects;
§P<0.05 between the values in the presence of allopurinol and control.

with young subjects, whereas that of allopurinol was not Hence it appears justified to pool the bioavailability data
from the young and elderly individuals.changed.

The pharmacokinetic parameters for allopurinol and Although plasma concentrations of oxipurinol were
higher in the elderly than the young subjects, theoxipurinol were not statistically different between men

and women in the elderly and young group, respectively concentrations of this compound in urine were lower in
this age group (Figure 2). The values for the cumulative(data not shown).

F, the fractional oral bioavailability, was derived from urinary excretion of allopurinol and oxipurinol are given
in Table 2.a comparison of the allopurinol AUC after oral and

intravenous allopurinol administration in a total of four
test persons, two young and two elderly. The mean value

Pharmacodynamics
of F for these four individuals was 0.81±0.16. As was
pointed out above, allopurinol is eliminated predomi- Plasma uric acid concentrations decreased in response to

allopurinol administration both in elderly and youngnately by metabolism which is not changed by age.
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Figure 2 Urine concentrations of allopurinol (#, $) and oxipurinol (6, +) after oral administration of 200 mg allopurinol to elderly
(solid symbols) and young subjects (open symbols). Values are means±s.e. mean.

subjects (Figure 3), but the time-integrated effect on The sum of uric acid, hypoxanthine, and xanthine
concentrations in plasma was decreased after allopurinolplasma uric acid (AUC of the decrease in plasma uric

acid with time) was significantly smaller in the old age administration in both age groups (Figure 3). This finding
indicates inhibition of de novo purine synthesis in responsegroup than the young (Table 3) although the oxipurinol

plasma levels were higher in the elderly (Figure 1). Both to allopurinol dosing [2, 11].
Parallel to the changes in plasma levels, allopurinolhypoxanthine and xanthine plasma levels increased, the

relative changes being more pronounced with xanthine administration reduced urinary excretion of uric acid but
increased that of hypoxanthine and xanthine at least in(Figure 3). The AUC of the change in plasma xanthine

in response to allopurinol dosing was, on average, again the young test persons (Table 3). The rise in hypoxanthine
and xanthine excretion in response to allopurinol adminis-half as high in the aged than in the young group

(Table 3). The findings of smaller time-integrated effects tration was smaller or nonexisting in the aged despite
higher plasma levels particularly in the case ofof oxipurinol on plasma uric acid and xanthine levels

suggest that oxipurinol inhibits xanthine oxidase to a hypoxanthine.
The renal clearance of uric acid, which amounted tolesser degree in elderly than in young individuals.
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Figure 3 Plasma concentrations of uric acid ((, ,), hypoxanthine (1, 2), xanthine (%, &), and the sum of uric acid, hypoxanthine,
and xanthine (L, {), after oral administration of 200 mg allopurinol to elderly (solid symbols) and young subjects (open symbols). Note
that the scale for hypoxanthine and xanthine (right y-axis) is 10-fold expanded compared with that for uric acid. Values are means±s.e.
mean.
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Figure 4 Renal clearance of xanthine (%, &), hypoxanthine (1, 2), and uric acid ((, ,) after oral administration of 200 mg
allopurinol to elderly (solid symbols) and young subjects (open symbols). Values are means±s.e. mean.

6–10% of creatinine clearance, was not altered by The distribution volume of allopurinol is considerably
larger than that of oxipurinol (Table 2). Differences inallopurinol dosing. In contrast, renal xanthine clearance

was markedly increased in young individuals (Figure 4), plasma protein binding are not responsible for the higher
distribution volume of allopurinol, as both compoundsindicating that the renal handling of xanthine was altered

by allopurinol and oxipurinol. The fractional renal are only negligibly bound to plasma proteins [17, 18].
Therefore, the values for the distribution volume indicateexcretion of xanthine rose from 25% before allopurinol

to a peak of 85% after allopurinol dosing in young more extensive cellular uptake of allopurinol than of
oxipurinol, which can be accounted for by the higherpersons. In elderly subjects the increase in xanthine

clearance in response to allopurinol administration was lipid solubility (octanol/water distribution coefficient) of
allopurinol in comparison with oxipurinol. The distri-much less pronounced than in the young.
bution volume of oxipurinol only slightly exceeds the
fractional water content of the body. The decrease of the

Discussion
distribution volume of oxipurinol in old age is in agree-
ment with the reduction in water content in the ageingIn the present study the disposition and actions of

allopurinol are compared in a group of elderly persons body [7, 14, 15].
The plasma concentrations of oxipurinol were foundwithout major health problems with the corresponding

values in a group of healthy young subjects. Hence it is previously to increase linearly with the dose of allopurinol
in the dose range 50–600 mg [19], suggesting linearassumed that the observed differences in the pharmaco-

kinetics and pharmacodynamics of this uricostatic agent pharmacokinetics. The pharmacokinetic values given in
Table 2 may therefore be assumed to be valid also forbetween the two age groups are a result of physiological

ageing and not of age-related diseases [12]. doses other than 200 mg.
The earlier studies on the pharmacokinetics of allopuri-

nol [18, 20–22] were all performed in young persons
Pharmacokinetics

(age 22–38 years). The total clearance of allopurinol in
these reports ranges from 9.6 to 13.0 ml min−1 kg−1,In old age, renal clearances of allopurinol and oxipurinol

are decreased compared with young individuals. These no values were given for the total clearance of oxipurinol.
The distribution volume of allopurinol reported bychanges can be attributed to the age-related reduction in

renal function [10, 13–15]. Metabolism of allopurinol, Appelbaum and coworkers [20] and Walter-Sack et al.
[22] is 1.6 and 1.5 l kg−1, respectively, Breithaupt &the major elimination mechanism of this agent, is not

altered in the elderly as shown by the unchanged Tittel [18] give a lower value of 0.6 l kg−1. No value for
the distribution volume of oxipurinol was availableelimination rate constant and nonrenal clearance.

Oxipurinol, on the other hand, is predominately elimin- previously.
The fractional oral bioavailability is given by Breithauptated via the kidneys. A linear relationship between renal

oxipurinol clearance and creatinine clearance was reported & Tittel [18] as 0.90 and by Appelbaum et al. [20] as
0.67 compared with 0.81 in the present study, suggestingpreviously for patients with renal insufficiency [16].
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near complete intestinal absorption and/or only a small pig and opossum [26, 27] and other cells [28, 29].
Inhibition of nucleobase transport by allopurinol andfirst-pass effect of allopurinol.
oxipurinol has been shown for human erythrocytes [30].
Oxipurinol therefore acts not only as a uricostatic agent,

Pharmacodynamics
it also has ‘xanthinuric’ properties.

As is clear from the fractional renal excretion ofIn the present study the time-integrated effect of
allopurinol and oxipurinol on plasma urate concentration oxipurinol (Table 2), net tubular reabsorption of this

compound is higher than that of allopurinol. Oxipurinol(AUC of the change in plasma urate) was significantly
lower in elderly than in young subjects (Table 3) although is more hydrophilic than allopurinol, hence passive

reabsorption of oxipurinol is expected to be lower thanplasma oxipurinol levels were higher in the elderly
(Figure 1). These findings suggest a reduced inhibitory that of allopurinol. It therefore appears, that oxipurinol

is not only an inhibitor but also a substrate for the renaleffect of this uricostatic agent on xanthine oxidase in old
age. The observation that the AUC of the increase in nucleobase transport system. The mediated reabsorption

mechanism for oxipurinol in the tubules appears to beplasma xanthine in response to allopurinol administration
was also reduced in the elderly additionally supports the absent in cases of hereditary renal hypouricaemia. These

patients do not respond to allopurinol because of renalnotion of diminished xanthine oxidase inhibition in the
aged. It is known that the structure of many proteins is wasting of oxipurinol, resulting in extremely low plasma

concentrations of oxipurinol [31].altered in senescence by post-translational events, the
accumulation of abnormal enzymes is one of the The renal clearance of uric acid, in contrast to that of

xanthine, was not changed by allopurinol administration,characteristics of ageing [23, 24]. A structurally modified
xanthine oxidase may have a different sensitivity towards indicating that uric acid is not a substrate for the tubular

purine base transporter. Hence oxipurines on the oneallopurinol and oxipurinol. A decrease in both the rates
of synthesis and degradation of xanthine oxidase at high hand and uric acid on the other appear to be reabsorbed

by different tubular transport systems, the nucleobaseage compared with maturity was reported by Haining
and coworkers [25] for rats. Slower protein turnover is transport system and the organic acid transport system,

respectively. This notion is in contrast with earlier reportsone of the factors assumed to be responsible for the
formation of altered proteins in old age [23]. that oxipurinol and uric acid share the same renal

transport mechanism [32, 33].However, as discussed above, the rate of conversion of
allopurinol to oxipurinol, a reaction also catalysed by
xanthine oxidase, was not different in the two age groups. Clinical implications
The discrepancy of unchanged conversion of allopurinol
to oxipurinol in old age whereas the metabolism of the Because of reduced renal excretion and a diminished

distribution volume, plasma levels of oxipurinol areendogenous xanthine oxidase substrates appears to be
diminished may be related to the fact that the oxidation higher in elderly after allopurinol administration that in

young subjects. This increase in oxipurinol levels may beof allopurinol to oxipurinol is inhibited only by much
higher concentrations of allopurinol and oxipurinol when responsible for the higher allopurinol toxicity in old age

[6], as the incidence and severity of adverse effects ofcompared with the oxidation of the endogenous substrates
hypoxanthine and xanthine. It should also be kept in allopurinol have been attributed to oxipurinol accumu-

lation [16, 34, 35]. These adverse effects include hyper-mind that allopurinol may be additionally converted to
oxipurinol by aldehyde oxidase (see [11]). sensitivity reactions (maculopapular rash to exfoliative

dermatitis, malaise, fever, eosinophilia, liver functionAllopurinol and oxipurinol do not affect glomerular
filtration rate as reflected by unchanged creatinine abnormalities, renal impairment), gastrointestinal prob-

lems (nausea, diarrhoea), and neurological symptomsclearance, but renal xanthine clearance is markedly
increased by these uricostatic agents especially in young (headache, drowsiness) [35, 36]. It is well established (and

also clear from the present results) that kidney functionsubjects, hence the fractional renal excretion of xanthine
is augmented. As is clear from a comparison of Figures 2 declines with age, hence elderly have to be treated like

renally insufficient patients. Dosage modifications ofand 4, the changes in renal xanthine clearance after
allopurinol dosing are very similar to the time course of allopurinol according to the creatinine clearance have

been given by Hande and coworkers [16] to reduce theurinary oxipurinol concentrations. Hence, tubular xan-
thine reabsorption appears to be inhibited by oxipurinol, life-threatening toxicity of allopurinol. These dosage

guidelines should also be adhered to in elderly. Ifmost likely as a result of competition between these
two oxipurines for carrier-mediated tubular transport. therapeutic drug monitoring is available, doses should be

adjusted to result in steady-state target plasma concen-Mediated transport systems for nucleobases were demon-
strated in epithelial cell lines from proximal tubules of trations of 5–8 mg ml−1 oxipurinol (40–60 mm). In this
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