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ABSTRACT: The aim of the present study was to compare the effect produced by juvenile
rheumatoid arthritis (JRA) or rheumatic fever (RF) on the pharmacokinetics of acetyl salicylic acid
(ASA) and its metabolites in children with autoimmune diseases (AD). Methods}A prospective,
open labelled study was performed in 17 children with JRA and 17 with RF who received a single
dose of 25mg ASA/kg orally. The pharmacokinetics of ASA and its metabolites were determined.
The blood and urine levels of each salicylate collected during 24 h were measured by HPLC. A
group of 15 healthy teenage volunteers was included as a control group. Results}The maximum
plasma concentration, half-life time, area under the curve and the amount of salicylates excreted
were statistically different between the JRA and the RF groups, as well as between the RF group and
the controls, however, there were no significant differences between the JRA group and the controls.
Conclusions}Dosage schemes must be adjusted for JRA patients, since the half life in these patients
is longer than in RF patients. However, due to ample variability of pharmacokinetic parameters it is
recommended that dose schemes are individualized on the type of autoimmune disease
considered. Copyright # 2004 John Wiley & Sons, Ltd.
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Introduction

Acetyl salicylic acid (ASA) is a salicylate with
various therapeutic applications due to its di-
verse pharmacological activities [1]. It is used as
an antiinflammatory agent in children suffering
from autoimmune disease (AD), rheumatic fever
(RF) or juvenile rheumatoid arthritis (JRA). The
inflammatory process observed in patients with

RF or JRA involves a series of events that can be
triggered by numerous stimuli.

After the ingestion of ASA it is rapidly
hydrolysed to salicylic acid (SA), and is metabo-
lized by hepatic biotransformation to produce
several metabolites. Salicylic acid is conjugated
with glycine to produce salicyluric acid (SUA),
alternatively, by aromatic hydroxylation it pro-
duces gentisic acid (GA) [2,3]. At higher doses of
ASA or with chronic treatment, the formation
and elimination of SUA appears to proceed
by Michaelis–Menten kinetics, while the rest
of the processes follow apparent first-order
kinetics [4].
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When treatment of AD with ASA fails, mainly
due to its adverse effects, physicians use anti-
inflammatory steroids, which are not recom-
mended in children [5,6]. The metabolites of
ASA, such as GA, SUA and SA, reach plasma
levels and remain in the body for prolonged
periods; sometimes these parameters are re-
flected by the amounts excreted in the urine
[7,8]. The dosage regime of ASA used to treat
JRA or RF is the same. In general, a daily dose of
75mg ASA/kg, administered in doses of 25mg
ASA/kg every 8 h have been used for 3 weeks. It
is important, however, to know whether there are
differences between the diseases in order to
adjust the dosage. There are no reports regarding
the metabolic pathways forming ASA metabo-
lites in children with AD; most studies have been
performed in adults. In these studies, the
salicylate elimination was reported as a function
of the combined production and excretion rates
of SA and its metabolites [9,10]. The purpose of
this study was to compare the pharmacokinetics
of ASA, and its metabolites SA, SUA and GA in a
group of children with JRA, in another with RF
and in a third group of healthy volunteers.

Methods

Paediatric patients with a clinical diagnosis of
rheumatic fever (RF) or juvenile rheumatoid
arthritis (JRA) of recent onset and in whom
ASA treatment was indicated were included in
the study. To participate in the study, patients
had to be older than 1 year and younger than 18
years of age. Adolescents of similar age and
weight to the patients formed the control group.
Previous laboratory analyses showed normal
values in liver and kidney function tests. Patients
were excluded from the study if they had an
active opportunistic infection or if they were
receiving some chronic immunosuppressive ther-
apy that might affect compliance with the study
protocol. In addition, to participate in the study,
no patients with a gastrointestinal ailment were
enrolled, and they were asked not to ingest any
drug orally for at least 3 days before and during
the study. Seventeen patients with RF and 17
with JRA (according to the criteria for ILAR, [11])

were hospitalized in the internal medicine
service of the National Institute of Pediatrics
and from the rheumatology service of the
Pediatrics Hospital of the Mexico City National
Medical Center. Informed consent was obtained
from their parents and when children were older
than 5 years, their consent was obtained as well;
the study was approved by the ethics committee
of the National Institute of Paediatrics.

Study design

The dose used for this study was 25mg/kg
administered to children with 200ml of water.
The ASA was provided as conventional tablets
(Bayer de Mexico), which have a bioavailability
of 70%. Patients fasted the night before receiving
the dose and for 3 h after. None of the children
had received ASA before the start of the study.
A forearm vein was cannulated with a plastic
cannula and 2ml blood samples were drawn just
before administration of ASA and at 0.5, 1.0, 2.0,
4.0, 8.0, 12.0 and 24 h after and placed into
heparin-containing tubes. Plasma was separated
within the first 30min and urine samples were
collected at intervals of 0–1, 1–2, 2–4, 4–8, 8–12
and 12–24 h. On the day of the study, before drug
ingestion, the patients were asked to empty their
bladder for later collection of urine at different
time intervals. The plasma and urine volume and
the pH were measured immediately after collec-
tion, then the samples were placed in chilled
tubes containing potassium fluoride to prevent
rapid hydrolysis and stored at �208C until
analysed. Patients continued their ASA treatment
of 25mg/kg every 8 h for 3 weeks. The control
group consisted of 15 teenage volunteers (8 males
and 7 females) with a mean age of 14 years (range
12–16 years). Volunteers were clinically evalu-
ated with a physical examination and laboratory
tests (blood chemistry and haematological ana-
lysis) to corroborate their health conditions. The
subjects included as controls were healthy and
signed the informed consent to participate in the
study. None of the volunteers was taking any
medication at the time of the study. Volunteers
followed the instructions of the protocol study as
well as the instructions issued to patients with
respect to ASA dosage and blood and urine
samples.
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Laboratory analysis

The plasma concentration of salicylates was
measured using a modified version of the
method of Buskin [12,13]. The chromatographic
system consisted of a model 510 solvent delivery
system, variable-wavelength detector 490 E
(Waters Assoc., Milford, MA, USA) a 20 ml loop
injector (Rheodyne, Cotati, CA, USA) and a
Servogor recorder (Norma Goerz instruments
GmbH, Neudorf, Austria). Analyses were per-
formed on a 300� 3.9mm i.d. mBondapak C18

column of 5 mm particle size (Waters). Methyl
paraben was used as an internal standard (IS),
ASA, SA, GA and SUA were purchased from
Sigma Chemical Co. (St Louis, MO, USA).

A calibration curve was constructed by plot-
ting the ratio of the peak height of ASA and its
metabolites to that of the internal standard (y
axis) as a function of the concentration of ASA
and its metabolites in the sample (x axis). The
method accuracy and precision were evaluated
by adding known amounts of the drug to
duplicate plasma samples over the concentration
range used for calibration. The percentage
recovery of ASA and its metabolites ranged from
92.0% to 98.0% in plasma and from 88.0% to
93.0% in urine. A linear relation between the
peak height of ASA and its metabolites and that
of the internal standard was found (r=0.998,
0.999) in plasma and urine. Precision was
satisfactory; in the intra-assay CV it was always
55%. Day-to-day precision of the assay was
evaluated over 5 weeks (n= 6). The detection
limit for ASA and its metabolites in plasma was
0.256–1.448mmol/l; in urine, the detection limit
ranged from 0.512 to 2.17mmol/l.

Kinetic analysis

After salicylates were quantified in both fluids,
the values were used to build profiles that
describe the kinetics of ASA, GA, SUA and SA
obtained by the minimum residual square
method [14]. The maximum plasma concentra-
tion (Cmax) of ASA and its metabolites and the
time of peak plasma concentration (tmax) for each
subject were derived directly from the original
measured values. The elimination rate constant
(ke) was determined by linear regression analysis
of the plot of the natural logarithm of the plasma

or urine concentration versus time. The half-life
time (t1/2) was determined by dividing 0.693
under each ke value. The terminal log-linear
phase of the concentration–time curves of plasma
and urine ASA and its metabolites were visually
identified for each subject. The area under the
curve (AUC) was calculated with the trapezoidal
rule, with extrapolation to infinity by dividing
the last measured concentration (24 h) by ke [14].
The values were determined to follow first-order
kinetics by an independent model [15]. The
amount of ASA and of each metabolite excreted
in the urine was calculated.

Statistics

The results are reported as median values (with
ranges), unless indicated otherwise. The signifi-
cance of the differences was estimated by the
Kruskal–Wallis test. The level of significance was
P40.05. Statistical analyses were performed with
PAQUEST (version 1.0; Biomedical Software
Development, Mexico). To calculate the sample
size, the following formula was used

N ¼ X1 � X2=ðs21 þ s22Þ
1
2

where N is the sample size, X is the pharmaco-
kinetic parameter used and s is the standard
deviation of the parameter included for each
group, in which the half-life time previously
reported by our laboratory was used, compared
with the value reported in the sense of literature.
After these values were calculated, a sample size
equal to that used proved to have a significance
level of 0.05% [16].

Results

The biological characteristics of 34 patients with
AD are shown in Table 1 with the demographic
characteristics of the children studied and the
control group. The method used to quantify ASA
and its metabolites by liquid chromatography
proved to be precise, exact and specific for each
salicylate. The values for each validation para-
meter are shown in Table 2. Due to the wide
variability observed, the results are presented as
median values and analysed with the Kruskal–
Wallis test. Pharmacokinetic parameters that
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showed differences between JRA and RF were:
Cmax of ASA (5.2 and 3.7mmol/l), Cmax of SA
(172.0 and 150.1mmol/l), Cmax of GA (4.1 and
6.2mmol/l) and Cmax of SUA (36.3 and
25.0mmol/l) respectively. These differences were
also observed when RF was compared with the
control group. However, they were not observed
between the JRA and the control group. The
control group had plasma levels of all salicylates
higher than in patients with AD. In all groups,
SUA was the metabolite that reached higher
values than the other compounds, being highest
in the healthy volunteers. The half-life time of
salicylates showed values with significant differ-
ences between the JRA and RF groups and
between the RF and the control groups (see
Table 3). Regarding AUC, the metabolite that
reached the highest value was SA in the RF
group with 27.48mmol.h/l. The AUC of ASA
was statistically different for the JRA and RF
groups (0.74 vs 1.11mmol.h/l) and for SUA (8.1
vs 9.98mmol.h/l). The area under the curve of
GA (0.61, 0.59 and 0.60mmol.h/l for JRA, RF and
volunteers, respectively) did not show signi-
ficant differences among the three groups. The
pharmacokinetic profiles of the parameters
mentioned above are presented in Figure 1,
where the differences between the JRA and

RF groups can be observed, as well as some
similarities between the JRA and the control
groups.

Considering the cumulative amount of salicy-
lates excreted (Aex) in the urine, SUA was
the metabolite with the highest levels of excre-
tion in the JRA patients and healthy subjects,
while SA was the most excreted compound in
the JRA group. GA was the least excreted
metabolite in all groups. The pattern of excreted
metabolites was very similar between the JRA
patients and the healthy volunteers as shown
in Figure 2.

Discussion

For many years, aspirin has been the drug of
choice for treating autoimmune disease in chil-
dren [17]. Other drugs such as methotrexate or
antiinflammatory steroids are prescribed for
severe illnesses, for example, in rheumatic fever
aggravated by carditis, or in children with JRA
accompanied by deformations. Besides, ASA has
been counter-indicated in children younger than
10 years of age if a viral infection such as
influenza or varicella is present, since Reye’s

Table 1. Demographic data of children with autoimmune disease and control group

Characteristic JRA group RF group Control group
(n=17) (n= 17) (n=15)

Age (years) 13.5 (9.0–15.0) 12.0 (2.70–14.0) 14 (12–16)
Sex 10F 7M 9F 8M 7F 8M
Weight (kg) 42.3 (25.0–74.0) 29.0 (13.2–52.0) 47.0 (41.8–55.0)
Height (m) 1.49 (1.26–1.72) 1.36 (0.88–1.55) 1.50 (1.43–1.59)
Body surface (m2) 1.30 (0.97–1.87) 1.06 (0.55–1.49) 1.35 (1.22–1.52)
ASA dose (mg) 1057.5 (625.0–1850.0) 725.0 (330.0–1300.0) 735.0 (627.0–825.0)

Median (range); ASA, acetylsalicylic acid; F, female; M, male; JRA, juvenile rheumatoid arthritis; RF, rheumatic fever.

Table 2. Range concentrations of acetyl salicylic acid and its metabolites in plasma and urine

Salicylate Plasma range Urine range Plasma detection limit Urine detection limit
(mmol/l) (mmol/l) (mmol/l) (mmol/l)

GA 1–100 2–200 0.5 1
SUA 2–200 5–500 0.4 2
SA 10–500 3–300 2.5 1.5
ASA 1–100 2–200 0.5 1

GA, gentisic acid; SUA, salicyluric acid; SA, salicylic acid; ASA, acetylsalicylic acid.

Copyright # 2004 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 25: 1–7 (2004)

H.J. OLGUÍN ET AL.4



syndrome can result. The pharmacokinetic para-
meters of ASA and its metabolites obtained from
a single dose are generally used to establish
dosage regimes, because of the limited kinetics of
salicylates, and the body clearance that decreases
with increasing concentration or dose [18,19].

With regard to the control group, the pharma-
cokinetic parameters were very similar to those
reported for adults [20], and thus similar to the
JRA parameters [21]. It is important to note that
our results on the concentrations of ASA and SA
in JRA patients are in accordance with the
previous findings and with the elimination
parameters of subjects included as controls [22],
mainly with respect to the kinetics of SUA and
GA [18]. The plasma concentration of SUA was
greater in children with JRA, while the GA levels
were greater in children with JRA. On the other
hand, the values of half-life time showed

significant differences among the groups. GA
was the salicylate with the slowest elimination in
the RF group, reflecting a poor hydroxylation
process in these children. The excreted amount of
this metabolite was less than the other metabo-
lites. Based on the results obtained here, it is
concluded that ASA pharmacokinetics are very
similar in children with JRA and in the control
group, but different in the RF group. This is of
special significance in clinical medicine because
intensive salicylate therapy for these disorders
requires the use of doses large enough to
maintain salicylate concentrations just below
the toxic range, especially in children with AD
which is shown by differences in parameters
such as the time of elimination. Several studies
have reported that chronic ASA consumption may
cause adverse effects such as gastric irritation and
eventually severe ulcers as well as haemorrhage

Table 3. Comparison of the pharmacokinetic parameters of ASA and its metabolites in children with autoimmune disease and
control group

JRA group RF group Control group Significance: p value

(n=17) (n=17) (n=15) JRA vs RF CG vs RF

Maximum concentration, Cmax (mmol/l)
ASA 5.20 (0.38–10.26) 3.70 (0.26–8.30) 5.32 (0.27–8.60) 0.05 0.001
SA 172.0 (59.8–312.2) 150.1 (28.9–355.1) 186.6 (73.3–405.5) 0.05 0.05
GA 4.15 (2.1–5.7) 6.29 (4.2–12.1) 4.69 (2.1–14.9) 0.001 0.05
SUA 36.3 (23.9–57.1) 25.0 (18.5–38.0) 37.9 (15.0–48.3) 0.01 0.05

Maximum time, Tmax (h)
ASA 3.7 (1.8–4.0) 3.6 (1.4�4.1) 3.7 (2.0–4.0) ns ns
SA 3.9 (2.7–4.5) 3.9 (1.9–4.3) 4.0 (2.3–4.4) ns ns
GA 3.9 (1.5–5.2) 3.7 (1.3–5.0) 4.0 (1.7–4.9) ns ns
SUA 3.8 (2.8–5.0) 3.7 (1.7–4.5) 3.7 (2.4–4.7) ns ns

Half median time, t1
2
(h)

ASA 4.44 (11.74–0.74) 1.56 (2.04–0.76) 4.5 (5.77–0.65) 0.01 0.001
SA 1.70 (5.54–0.55) 1.36 (2.03–0.63) 1.78 (5.82–0.99) 0.05 0.001
GA 1.75 (4.41–0.95) 0.81 (2.20–0.65) 1.68 (8.66–0.91) 0.001 0.001
SUA 1.73 (2.31–1.39) 0.94 (5.73–0.51) 1.83 (2.27–1.49) 0.001 0.001

Area Under the Curve, AUC (mmol.h/l)
ASA 0.74 (0.53–0.85) 1.11 (0.91–1.33) 0.82 (0.62–0.93) 0.01 0.05
SA 20.84 (18.14–22.75) 27.48 (17.42–34.6) 20.34 (17.92–23.54) 0.05 0.001
GA 0.61 (0.53–0.65) 0.59 (0.54–0.75) 0.60 (0.41–0.72) ns ns
SUA 8.10 (6.22–9.50) 9.98 (6.80–11.13) 8.63 (6.82–12.38) 0.05 ns

Amount excreted, Aex (mg)
ASA 114.07 (74.02–185.23) 102.3 (66.9–231.12) 115.7 (69.23–165.84) 0.05 0.05
SA 330.3 (275.1–417.2) 277.52 (254.5–428.1) 300.3 (214.8–460.1) 0.05 0.05
GA 86.98 (65.2–100.3) 43.97 (35.7–61.2) 75.25 (60.3–98.7) 0.01 0.001
SUA 528.17 (385.3–657.5) 256.4 (205.6–387.6) 467.29 (312.5–707.6) 0.05 0.001

Values are median and range in parentheses. ASA, acetylsalicylic acid; SA, salicylic acid; GA, gentisic acid; SUA, salicyluric acid; JRA, juvenile

rheumatoid arthritis; RF, rheumatic fever; CG, control group. Significant differences (p50.05) by Kruskal–Wallis test.
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due to its platelet anti-aggregating properties.
These adverse effects lead patients to stop ASA
treatment or to replace it with other anti-
inflammatory drugs, probably of a steroid-like
nature. Finally, we recommend that the pharma-
cokinetic parameters of salicylates be taken into

account, particularly of salicylic acid, which is
responsible for the therapeutic effect, especially
in patients with rheumatic fever. The dose or
dosage interval must be adjusted in JRA patients,
since in them, the half-life is longer than in
RF patients. In short, due to the significant
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Figure 1. Plasma levels of acetyl salicylic acid and its metabolites in children with juvenile rheumatoid arthritis (JRA, n=17),
rheumatic fever (RF, n=17) and a control group (healthy teenage volunteers, n=15)
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Figure 2. Amount of acetyl salicylic acid (ASA) and its metabolites excreted in urine: gentisic acid (GA), salicyluric acid (SUA)
and salicylic acid (SA) in children with juvenile rheumatoid arthritis (JRA), rheumatic fever (RF) and control subjects (healthy
teenage volunteers)
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variability of the pharmacokinetic parameters, it
is recommended that dosage schemes are indivi-
dualized, taking into consideration the specific
autoimmune disease.
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